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CS8221 NEW ENHANCED AT (NEAT™) DATA BOOK 
82C211/82C212/82C215/82C206 (IPC) CHIPSet™ 


= 100% IBM™ PC/AT Compatible New En- 
hanced CHIPSet™ for 12MHz, 16MHz, and 
20MHz systems. 


= Supports 16MHz 80286 operation with only 
0.7 wait states and 100ns DRAMs and 
12MHz operation with 150ns DRAMs 


= Separate CPU and AT Bus clocks 
m= Page Interleaved Memory Controller 


= Integrated Lotus-intel-Microsoft Expanded 
Memory Specification (LIM EMS) Memory 
Controller. Supports EMS 4.0. 


The CS8221 PC/AT compatible NEAT 
CHIPSet™ is an enhanced, high performance 
4 chip VLSI implementation (including the 
82C206 IPC) of the control logic used on the 
IBM™ Personal Computer AT. The flexible 
architecture of the NEAT CHIPSet™ allows it 
to be used in any 80286 based system. 
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= Software Configurable Command Delays, 
Wait states and Memory Organization 


= Optimized for OS/2 operation 


= Shadow RAM for BIOS to improve system 
performance 


= Complete AT/286 requires only 24 com- 
ponents plus memory 


m Targeted at Desktop PC/ATs, Laptops and 
CMOS Industrial Control Applications 


w Available as four CMOS 84-pin PLCC or 
100-pin PFP components. 


The CS 8221 NEAT CHIPSet™ provides a 
complete 286 PC/AT compatible system, 
requiring only 24 logic components plus 
memory devices. 


The CS8221 NEAT CHIPSet™ consists of the 
82C211 CPU/Bus controller, the 82C212 
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Figure 1. NEAT System Biock Diagram 
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Page/Interleave and EMS Memory controller, 
the 82C215 Data/Address buffer and the 
82C206 Integrated Peripherals Controller (IPC). 


The NEAT CHIPSet™ supports the local CPU 
bus, a 16 bit system memory bus, and the AT 
buses as shown in the NEAT System Block 
Diagram. The 82C211 provides synchroniza- 
tion and contro! signals for all buses. The 
82C211 also provides an independent AT bus 
clock and allows for dynamic selection bet- 
ween the processor clock and the user select- 
able AT bus clock. Command delays and wait 
states are software configurable, providing 
flexibility for slow or fast peripheral boards. 


The 820212 Page/Interleave and EMS Memory 
controller provides an interleaved memory 


sub-system design with page mode operation. | 


It supports up to 8 MB of on-board DRAM 
with combinations of 256Kbit and 1Mbit 
DRAMs. The processor can operate at 16 MHz 
with 0.7 wait state memory accesses, using 
100 nsec DRAMs. This is possible through 
the Page Interleaved memory scheme. The 
Shadow RAM feature allows faster execution 
of code stored in EPROM, by down loading 
code from EPROM to RAM. The RAM then 
shadows the EPROM for further code execu- 
tion. In a DOS environment, memory above 
1Mb can be treated as LIM EMS memory. 


The 82C215 Data/Address buffer provides the 
buffering and latching between the local CPU 
address bus and the Peripheral address bus. 
It also provides buffering between the local 
CPU data bus and the memory data bus. The 
parity bit generation and error detection logic 
resides in the 82C215. 





The 82C206 Integrated Peripherals Controller 
is an integral part of the NEAT CHIPSet™. It 
is described in the 82C206 Integrated Peri- 
pherals Controller data book. 


System Overview 


The CS8221 NEAT CHIPSet™ is designed for 
use in 12 to 16 MHz 80286 based systems 
and provides complete support for the IBM 
PC/AT bus. There are four buses supported 
by the CS8221 NEAT CHIPSet™ as shown in 
Figure 1: CPU local bus (A and D), system 
memory bus (MA and MD), I/O channel bus 
(SA and SD), and X bus (XA and XD). The 
system memory bus is used to interface the 
CPU to the DRAMs and EPROMs controlled 
by the 82C212. The I/O channel bus refers to 
the bus supporting the AT bus adapters which 
could be either 8 bit or 16 bit devices. The X 
bus refers to the peripheral bus to which the 
82C206 IPC and other peripherals are attached 
in an IBM PC/AT. 


Notation and Glossary 


The following notations are used to refer to 
the configuration and diagnostics registers 
internal to the 82C211 and 82C212: 


REGnH denotes the internal register of index 
n in hexadecimal notation. 


REGnH<x:y> denotes the bit field from bits x 
to y of the internal register with index n in 
hexadecimal notation. 
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82C211 Pin Description 





Description 





Pin Pin 

No. Type Symbol 
Clocks 

5 | CLK2IN 
2 O PROCCLK 
76 | ATCLK1 
81 O ATCLK2 
83 O SYSCLK 
Control 

13 | RESET1 
51 | RESET2 
38 O RESET4 
50 O RESET3 


CLOCK 2 input from a TTL crystal oscillator having a 
maximum of twice the rated frequency of the 80286 pro- 
cessor clock. 


PROCESSOR CLOCK output for the 80286 and the 82C212. 
It is derived from CLK2IN. It can also be programmed to 
be derived from ATCLK. 


AT Bus Clock 1 input source from crystal or oscillator. 
This clock input is used for the AT bus operation and is 
only required if the AT bus state machine clock, BCLK 
(internal) will not be derived from CLK2iN. This clock 
input should be tied low if not used. Its frequency should 
be lower than CLK2IN. BCLK is the AT bus state machine 
clock and can be programmed to be equal to ATCLK. 


AT Bus Clock 2 output is connected to the crystal (if a 
crystal is used to generate AT bus clock). A series damping 
resistor of 10 ohms should be used to reduce amplitude of 
the resonant circuit. It should be left open if a TTL oscillator 
is used. 


AT System Clock output is buffered to drive the SYSCLK 
line on the AT bus I/O channel. It is half the frequency of 
BCLK and should be between 6 and 8 MHz for maintaining 
correct AT !/O bus timing compatibility with the IBM™ 
PC/AT. 


RESET1 is an active low input generated by the power 
good signal of the power supply. When low, it activates 
RESET3 and RESET4. RESET1 is latched internally. 


RESET2 is an active low input generated from the keyboard 
controller (8042/8742) for a “warm reset” no requiring the 
system power to be shut off. It forces a CPU reset by 
activating RESETS. 


RESET4 is an active high output used to reset the AT bus, 
82C206 IPC, 8042 keyboard controller, 82C212 memory 
controller. It is synchronized with the processor clock. 


RESETS is an active high output to the 80286 when RESET 1 
or RESET2 is active. It is also activated when shut-down 
condition in the CPU is detected. RESETS will stay active 
for at least 16 PROCLK cycles. 





82C211 Pin Description (Continued) 


Pin 
Type 


Symbol 


Description 





CPU Interface 


71 


79, 80 


72 


59 


37 


49 


39 


41 


VO 


1/0 


READY 


M/IO 


HOLD 


HLDA 


-BHE 


IALE 


READY as an output, is driven low to terminate the current 
CPU cycle after IOCHRDY is high and OWS is high, or if 
“time out” condition is detected. During all other cycles, it 
is an input from the 82C212. It is an open collector output 
requiring an external pull-up resistor of 1KQ and is con- 
nected to the 80286 READY pin. 


STATUS is an active low inputs from the CPU. The status 
signals are used by the 82C211 to determine the state of 
the CPU. Pull up resistors of 10KQ2 each should be pro- 
vided. 


MEMORY INPUT/OUTPUT is the signal from the CPU. 
When high, it indicates a memory access, when low it 
indicates an I/O access. It is used to generate memory and 
I/O signals for the system. A 10KQ pull up resistor is 
recommended. 


CPU HOLD REQUEST is an active high output to the CPU. 
It is activated during DMA, Master or refresh cycles. 


HOLD ACKNOWLEDGE is an acative high input generated 
by the CPU to indicate to the requestering master that it 
has relinquished the bus. When active, it forces all com- 
mands (IOR, IOW, MEMR, MEMW, INTA) to be tri-stated. 


BYTE HIGH ENABLE is an active low signal which indi- 
cates the transfer of data on the upper byte of the data 
bus. In conjunction with AO, it is input during CPU cycles 

















and in conjunction with XAO0, it is output during DMA, 


MASTER cycles. A pull up resistor of 10KQ is required. 


NON MASKABLE INTERRUPT is an active high output to 
the NMI pin of the CPU and is generated by the 82C211 to 
invoke a non-maskable interrupt. 


ADDRESS LATCH ENABLE (INTERNAL) is an active high 
output synchronized with PROCCLK and controls address 
latches used to hold addresses during bus cycles. It is not 
issued for halt bus cycles. 





82C211 Pin Description (Continued) 


Type 


Symbol 


Description 





1/O Channel Interface 


31 


DMA Interface 


40 


26 


O 


IOCHRDY 


lIOCHCK 


PARERR 


EALE 


HLDAT1 


HRQ 


AEN1 


AEN2 


ROMCS 


I/O CHANNEL READY is an active high input from the AT 
bus. When low it indicates a not ready condition and 
inserts wait states in AT-I/O or AT-memory cycles. When 
high it allows termination of the current AT-bus cycle. A 
series damping resistor of 530 at the AT bus connector is 
recommended to limit the negative under shoot. A 1KQ 
pull up resistor is required for this open collector line. 


I/O CHANNEL CHECK is an active low input from the AT 
bus causing an NMI to be generated if enabled. It is used 
to signal an I/O error condition from a device residing on 
the AT bus. A 10KQ pull up resistor is required. 


PARITY ERROR is an active low input from the 82C215 
which causes an NMI if enabled. It indicates a parity error 
in local system memory. 


ADDRESS LATCH ENABLE is an active high output to the 
AT bus and is synchronized with the AT state machine 
clock. It controls the address latches used to hold the 
addresses during bus cycles. This signal should be buffered 
to drive the AT bus. 


EXTERNAL ADDRESS LATCH ENABLE is an active low 
output used to latch the CPU A17-A23 address lines to the 
LA17-LA23 lines on the AT bus. This signal is used in the 
Delayed-Mode discussed in section 1.3.3. 


HOLD ACKNOWLEDGE 1 is an active high output when a 
bus cycle is granted in response to HOLD REQUEST 1. 


HOLD REQUEST is an active high input when DMA/Master 
is requesting a bus cycle. For an AT compatible archi- 
tecture, it should be connected to the HOLD REQUEST 
signal from DMA1 and DMA2. 


ADDRESS ENABLE 1 is an active low input from one of 
the two DMA controllers enabling the address latches for 8 
bit DMA transfers. 


ADDRESS ENABLE 2 is an active low input from one of 
the two DMA controllers enabling the address latches for 
16 bit DMA transfers. 


ROM CHIP-SELECT is an active low input from the 82C212. 
It is used to disable parity checks for local ROM cycles. 





82C211 Pin Description (Continued) 


Pin Pin 
No. Type 


Symbol 


Description 





Bus Inputs 


Device Decode 


35 O 
82 O 
Refresh 

52 | 
58 1/O 


X Bus Interface 


9 1/0 


10 1/0 


MEMCS16 


lOCS16 


OWS 


8042CS 


ASRTC 


REFREQ 


REF 


XMEMR 


XMEMW 


MEMORY CHIP SELECT 16 is an active low input from the 
AT bus indicating a 16 bit memory transfer. If high it 
implies an 8 bit memory transfer. A pull up resistor of 
330 is required. 


I/O CHANNEL SELECT 16 is an active low input from the 
AT bus indicating a 16 bit I/O transfer. If high it implies an 
8 bit I/O transfer. A pull up resistor of 330Q is required. 


ZERO WAIT STATES is an active low input from the AT 
bus, causing immediate termination of the current AT bus 
cycle. Memories requiring zero wait states use this line to 
speed up memory cycles. It requires a 330Q pull up resistor. 


8042 CHIP SELECT is an active low signal for the keyboard 
controller chip select. 


ADDRESS STROBE to Real Time Clock is an active high 
signal used on the 82C206. 


REFRESH REQUEST is an active high input initiating a 
DRAM refresh sequence. It is generated by the 8254 com- 
patible timer controller #1 of the 82C206 IPC in a PC/AT 
implementation. 


REFRESH is an active low signal. As an open drain output, 
it initiates a refresh cycle for the DRAMs. As an input, it 
can be used to force a refresh cycle from an I/O device. 
An external pull up of 620Q is required. 


X BUS MEMORY READ is an active low control strobe 
directing memory to place data on the data bus. It is an 
output if the CPU is controlling the bus and is an input if a 
DMA controller is in control of the bus. 


X BUS MEMORY WRITE is an active low control strobe 
directing memory to accept data from the data bus. It is an 
output if the CPU is controlling the bus and is an input if a 
DMA controller is in control of the bus. 
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82C211 Pin Description (Continued) 








Pin Pin 

No. Type Symbol Description 

70 1/0 XIOR X BUS I/O READ is an active low strobe directing an I/O 
port to place data on the data bus. It is an output if the 
CPU is controlling the bus and is an input if a DMA 
controller is in control of the bus. 

56 I/O XIOW X BUS I/O WRITE is an active low strobe directing an I/O 
port to accept data from the data bus. It is an output if the 
CPU is controlling the bus and is an input if a DMA 
controller is in control of the bus. 

57 1/0 XBHE X BYTE HIGH ENABLE is an active low signal indicating 
the high byte has valid data on the bus. it is an output 
when the CPU is in control of the bus and is an input 
when a DMA controller is in control of the bus. A 4.7KQ 
pull-up resistor is required on this line. 

59-62 1/O XD<7:4> X DATA BUS bits <7:0> 

65-68 1/O XD<0:3> 

8 —_ NC 
No Connect 

15 O TMRGATE TIMER GATE is an active high output that enables the 
timer on the 8254 compatible counter timer in the 82C206 
to enable the tone signal for the speaker. 

53 | TMROUT2 TIMER OUT 2 is an active high input from the 8254 
compatible counter timer in the 82C206 that can be read 
from port B. 

77 O SPKDATA SPEAKER DATA is an active high output used to gate the 
8254 compatible tone signal of the 82C206 to the speaker. 

54 O INTA INTERRUPT ACKNOWLEDGE is an active low output to 
the 82C206 interrupt controller. It is also used to direct 
data from the X to S bus during an interrupt acknowledge 
cycle. 

Buffer Control 

34 O SDIRO SYSTEM BUS DIRECTION 0 for the low byte. A low sets 
the data path from the S bus to the M bus. A high sets the 
data path from the M bus to the S bus. 

36 O SDIR1 SYSTEM BUS DIRECTION 1 for the high byte. A low sets 
the data path from the S bus to the M bus. A high sets the 
data path from the M bus to the S bus 

47 O ACEN ACTION CODE ENABLE is an active low output that 


validates the action code signals AC<1, 0> that are used 
by the 82C215 address/data buffer. 








82C211 Pin Description (Continued) 





Pin Pin 
No. Type Symbol Description 
46, 45 O AC<1, 0> ACTION CODE is a two bit encoded output command for 


bus size control and byte assembly operations performed 
in the 82C215. 


Memory Control 


78 | AF16 AF16 is an active low input indicating that the current 
cycle is a local bus cycle. A high indicates an AT bus 
cycle. A 10KQ pull up resistor is required. 


23-25 A<0:2> ADDRESS lines AO-AQ are input from the CPU. These 

18-21 /O A<3:6> lines are output during refresh. A1 is used to detect shut 

14-18 A<7:9> down condition of the CPU. AO is used to generate the 
enable signal for the data bus transceivers. 

29 /O XAO ADDRESS line XAO from the X bus. It is an output during 
CPU accesses on the X bus and is an input for 8 bit DMA 
cycles. 


CoProcessor Interface 


6 O NPCS NUMERIC COPROCESSOR CHIP SELECT is an active 
low output signal used to select the internal registers of 
the 80287 NPX. 


BUSY BUSY is an active low output to the CPU initiated by the 
80287 NPX, indicatig that it is busy. A 4.7KQ pull up 
resistor is required. 


74 | NPBUSY NUMERIC COPROCESSOR BUSY is an active low input 
from the NPX, indicating that it is currently executing a 
command. It is used to generate the BUSY signal to the 
CPU. A 4.7KQ pull up resistor is required. 


~J 
O 


32 | ERROR ERROR is an active low input from the NPX indicating that 
an unmasked error condition exists. A 4.7KQ pull up 
resistor is required. 


NPINT NUMERIC COPROCESSOR INTERRUPT is an active high 
output . It is an interrupt request from the 80287 and is 
connected to the IRQ13 line of the 82C206 IPC in a PC/AT 
environment. A 10KQ pull up resistor is required. 


b 
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82C211 Pin Description (Continued) 





Pin Pin 
No. Type Symbol Description 
3 O NPRESET NUMERICAL PROCESSOR RESET is an active high reset 


to the 80287. It is active when RESET4 is active or when a 
write operation is made to Port OF 1H. In the later case, it is 
active for the period of the command. 


Power Supplies 


42, 63,84 — VDD POWER SUPPLY. 
1, 17, 22 — VSS GROUND. 
43, 64 
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82C212 Pin Description 


Pin Pin 

No. Type Symbol 
Clocks and Control 

83 I PROCCLK 
23 | X1 

24 O X2 

18 O ~~ OSC 

21 O OSC/12 
12 | RESET4 
20 | REF 

65, 63 I S<1, O> 
54 | M/IO 

15 | XIOR 

14 | XIOW 

17 | XMEMR 
16 I XIOR 

19 | HLDA1 

13 O ROMCS 
48, 74, 82 A<0:2> 
2-8 A<3:9> 
46 A10 

9-11 | A<11:13> 
47 A14 

49-53 A<15:19> 
55-58 A<20:23> 





Description 


PROCESSOR CLOCK input from the 82C211 
CRYSTAL 1 input from the 14.31818 MHz crystal. 
CRYSTAL 2 output to the 14.31818 MHz crystal. 


OSCILLATOR output for the system clock at 14.31818 MHz 
and has a drive capability of 24mA. 


OSCILLATOR divided by 12 is an output with a clock 
frequency equal to 1/12 of the crystal frequency across 
the X1, X2 pins. 


RESET 4 is the active high reset input from the 82C211. It 
resets the configuration registers to their default values. 
When active, RAS<0:3> and CAS<00:31> remain high, 
OSC and OSC/12 remain inactive. 


REFRESH is an active low input for DRAM refresh control 
from the 82C211. It initiates a refresh cycle for the DRAMs. 


STATUS input lines from the CPU are active low. These 
lines are monitored to detect the start of a cycle. 


MEMORY I/O signal from the CPU. If high it indicates a 
memory cycle. If low, it indicates an I/O cycle. 


I/O READ command, input active low. 

I/O WRITE command, input active high. 

X BUS MEMORY READ command, input active low. 
X BUS MEMORY WRITE command, input active low. 


HOLD ACKNOWLEDGE 1 is an active high input from the 
82C211. It is used to generate RAS and CAS signals for 
DMA cycles, in response to a hold request. 


ROM CHIP SELECT is an active low chip select output to 
the BIOS EPROM. It can be connected to the output 
enable pin of the EPROM. 


ADDRESS input lines A<0:23> from the CPU local bus. 








82C212 Pin Description (Continued) 





Pin Pin 

No. Type Symbol 
34 | BHE 

29 1/O READY 
59 O AF16 


DRAM Interface 


77-80 O RAS<3:0> 
At O CAS00 
44 O CASO1 
39 O CAS10 
40 O CAS11 
37 O CAS20 


Description 


BYTE HIGH ENABLE is an active low input from the CPU 
for transfer of data on the upper byte. 


READY is the system ready signal to the CPU. It is output 
active low after requested memory or |/O data transfer is 
completed. It is an input when the current bus cycle is an 
AT bus cycle and is an output for local memory and I/O 
cycles. 


AF16 is an active low output asserted on local memory 
(EPROM or DRAM) cycles. It is high for all other cycles. 
This signal is sampled by the 82C211. 


ROW ADDRESS STROBES 3 to 0 are active low outputs 
used as RAS signals to the DRAMs for selecting different 
banks. RAS3 selects the highest bank and RASO selects 
the lowest bank. These signals should be buffered and line 
terminated with 750 resistors to reduce ringing before 
driving the DRAM RAS lines. 


COLUMN ADDRESS STROBE 00 is an active low output 
used to select the low byte DRAMs of bank 0. This signal 
should be line terminated with a 75 resistor to reduce 
ringing before driving the DRAM CAS line. 


COLUMN ADDRESS STROBE 071 is an active low output 
used to select the high byte DRAMs of bank 0. This signal 
should be line terminated with a 750 resistor to reduce 
ringing before driving the DRAM CAS line. 


COLUMN ADDRESS STROBE 10 is an active low output 
used to select the low byte DRAMs of bank 1. This signal 
should be line terminated with a 750 resistor to reduce 
ringing before driving the DRAM CAS line. 


COLUMN ADDRESS STROBE 11 is an active low output 
used to select the high byte DRAMs of bank 1. This signal 
should be line terminated with a 750 resistor to reduce 
ringing before driving the DRAM CAS line. 


COLUMN ADDRESS STROBE 20 is an active low output 
used to select the low byte DRAMs of bank 2. This signal 
should be line terminated with a 75Q resistor to reduce 
ringing before driving the DRAM CAS line. 
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82C212 Pin Description (Continued) 





Pin Pin 
No. Type Symbol Description 
38 O CAS21 COLUMN ADDRESS STROBE 21 is an active low output 


used to select the high byte DRAMs of bank 2. This signal 
should be line terminated with a 75Q resistor to reduce 
ringing before driving the DRAM CAS line. 


35 O CAS30 COLUMN ADDRESS STROBE 30 is an active low output 
used to select the low byte DRAMs of bank 3. This signal 
should be line terminated with a 75Q resistor to reduce 
ringing before driving the DRAM CAS line. 


36 O CAS31 COLUMN ADDRESS STROBE 31 is an active low output 
used to select the high byte DRAMs of bank 3. This signal 
should be line terminated with a 75Q resistor to reduce 
ringing before driving the DRAM CAS line. 


28 O MWE MEMORY WRITE ENABLE is an active low output for 
DRAM write enable. 

45 O DLE DATA LATCH ENABLE is an active high output used to 
enable the local memory data buffer latch in the 82C215. 

33 O DRD DATA READ is an active low output used to transfer data 


from the memory bus to the local CPU bus in the 82C215. 
If high it sets the data path from the local CPU bus to the 


memory bus. 
81 O DLYOUT DELAY LINEOUT is an active high output to the delay line 


for generating the DRAM control signals. 





73, 75,76 | DLY <0:2> DELAY INO, 1, 2 are active high inputs from the first, 
second and third tap on the delay line used to generate 
DRAM control signals. 


26 O XDEN X DATA BUFFER ENABLE is an active low output asserted 
during I/O accesses to locations. 22H and 23H. These 
locations contain the index and data registers for the 
NEAT CHIPSet™. It is used to enable the buffers between 
the XD and MA buses for accessing the 82C212 internal 


registers. 
27 O XDIR X BUS DIRECTION is used to control the drivers between 


the X and S buses. The drivers should be used such that 
data flow is from the S to X bus when XDIR is low and in 
the other direction when XDIR is high. — 


71-72 O MA<8:9> MULTIPLEXED DRAM ADDRESS lines MA8, MA9. These 
lines should be buffered and line terminated with 750 
resistors before driving the DRAM address lines. 
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82C212 Pin Description (Continued) 





Description 





Pin Pin 

No. Type Symbol 
66-70 1/O MA<3:7> 
60-62 1/O MA<0:2> 


Miscellaneous 


31 I/O GA20 
30 | GATEA20 
25 O LMEGCS 


Power and Ground 


32, 42,84 — VDD 
1, 22,43, — VSS 
64 


MULTIPLEXED DRAM ADDRESS lines MAO to MA7. Also 
used as bi-directional lines to read/write to the internal 
registers of the 82C212. An external 74LS245 buffer is 
required to isolate this path during normal DRAM operation. 
These lines should be buffered and line terminated with 
75Q resistors before driving the DRAM address lines. 


ADDRESS line 20 is the gated A20 bit which is controlled 
by GATEA20. 


GATE ADDRESS 20 is an input used to force A20 low 
when GATEA20 is low. When high it propagates CPUA20 
onto the A20 line. It is used to keep address under 1Mb 
during DOS operation. 


LOW MEG CHIP SELECT is an unlatched active low 
output asserted when the low Meg memory address space 
(0 to 1024 Kbytes) is accessed or during refresh cycles. It 
is used to disable SMEMR and SMEMW signals on the AT 
bus if accesses are made beyond the iMbyte address 
space to maintain PC and PC/XT compatibility. 


POWER SUPPLY. 
GROUND. 


82C215 Pin Description 


Pin 
No. 


Controls 


10 


Address 


25-31 
33-41 


44-52 
54-60 


Data 


2, 4, 6, 
8, 16, 18, 
20, 23, 3, 
5, 7, 9, 
17, 19, 
21, 24 


Type Symbol 


| ACEN 


| AC<1:0> 


| HLDA1 


| [ALE 


I/O A<1:7> 
I/O A<8:16> 


I/O XA<16:8> 
I/O XA<731> 
I/O D<15:0> 





Description 


ACTION CODE ENABLE is an active low input from the 
82C211 that validates the action codes. 


ACTION CODES input from the 82C211 are used for bus 
sizing and byte assembly operations. They are discussed 
in Section 1.2.4. 


DATA LATCH ENABLE is an active high input from the 
82C212 used to enable the local memory data buffer latch. 


DATA READ is an active low input from the 82C212 used 
to transfer data from the M data bus to the CPU data bus. 
If high, it sets the data path from the CPU data bus to the 
M data bus. 


HOLD ACKNOWLEDGE 1 is an active high input from the 
82C211 used for address and data direction control during 
DMA cycles. 


ADDRESS LATCH ENABLE (INTERNAL) is an active high 
input from the 82C211 used to latch the CPU address lines 
on to the X address lines. 


BYTE HIGH ENABLE is an active low input from the CPU. 
It is used to enable the high byte parity checking. 


ADDRESS line AO is input from the CPU. It is used to 
enable the low byte parity checking. 


ADDRESS lines A1-A16 from the CPU. They are input 
during CPU and refresh cycles and output during DMA/ 
Master cycles. 


X ADDRESS lines XA16-XA1 (latched) are connected to 
the peripheral bus in the IBM™ PC/AT architecture. 


DATA lines D15-D0 from the CPU. 





82C215 Pin Description (Continued) 





Pin Pin 
No. Type Symbol Description 





82, 80, 1/O MD<15:0> MEMORY DATA lines MD15-MD0 from the memory bus. 
73, 71, 69, 

67, 65, 62, 

81, 79, 72, 

70, 68, 66, 

63, 61 


Parity 


78, 77 1/O MP1, MPO MEMORY PARITY bits MP1, MP0 are the parity bits for the 
high and low order bytes of the system DRAMs. These 
lines are input during memory operations for parity error 
detection and are output during memory write operations 
for parity generation. 


83 O PARERR PARITY ERROR is an active low output to the 82C211 
which goes active upon detecting a parity error during a 
system memory read operation. It is used to generate a 
non-maskable interrupt to the CPU. 


Power and Ground 


32, 42,84 — VDD POWER 
1, 22, 43 es VSS GROUND 
64, 75 


Cries 


1. 82C211 BUS CONTROLLER 


1.1 Features 


m Clock generation with software speed se- 


lection. 


m@ Optional independent AT bus clock. 


m CPU interface and bus control. 


m Programmable command delays and wait 


state generation. 


m Port B register. 


1.2 Functional Description 


The 82C211 Bus Controller consists of the 
following functional sub-modules as illustrated 


in figure 1.1: 


m Reset and Shut down logic 


m Clock generation and selection logic 


RESET1 
RESET2 


CLRK2IN 
ATCLK1 
ATCLK2 











RESET 
SHUTDOWN LOGIC 


CPU STATE M/C 
& 
TIME OUT LOGIC 


AT STATE M/C 
& 
EMULATION LOGIC 


CLOCK 
GEN/SELECT Poel 
LOGIC 


CONFIGURATION 


REGIE TERS DECODE hl 


oe B 
NMI toaic 


80287 
INTERFACE 





mw CPU state machine, AT bus state machine 
and bus arbitration logic 


m Action Codes generation logic 

m Port B register and NMI logic 

mw DMA and Refresh logic 

= Numeric Coprocessor interface logic 


= Configuration registers 


1.2.1 Reset and Shut Down Logic 


Two reset inputs RESET1 and RESET2 are 
provided on the 82C211 bus controller. 
RESET1 is the Power Good signal from the 
power supply. When RESET1 is active, the 
82C211 asserts RESET3 and RESET4 for a 
system reset. RESET2 is generated from the 
8042 (or 8742) keyboard controller when a 
“warm reset” is required. The warm reset 
activates RESETS to reset the 80286 CPU. 


RESETS 
RESET4 


PROCCLK 
SYSCLK 


INTERNAL BUS 


Let action cove 
GENERATION 
ACEN 
ma BUS ARBITRATION AEB 
& 
REFRESH LOGIC 
REF 





xIOR, XMEMW 
XIOW, XBHE 
XMEMR, XA00 





ALE, EALE 
INTA, SDIRO 
SDIR1 


AC<1:0> 


8042CS 
ASRTC 


NMI 
SPKDATA 
TMRGATE 


Figure 1.1 82C211 Block Diagram 
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RESETS is also activated by the 82C211 when 
a shut down condition is detected in the 
CPU. Additionally, a low to high transition in 
REG60<5> causes RESETS to be active after 
the current I/O command goes inactive. 
RESETS is asserted for at least 16 PROCCLK 
cycles and then deasserted. RESET4 is used 
to reset the AT bus, 82C206 IPC, 8042 key- 
board controller and the 82C212 memory 
controller. It is synchronized with respect to 
PROCCLK and is asserted as long as the 
Power Good signal is held low. 


After a shut down condition is detected, 
RESETS is asserted and held high for at least 
16 PROCCLK cycles and then deasserted. 
RESETS resulting from a shut down condition 
is synchronous with PROCCLK, ensuring 
proper CPU operation. Both RESET3 and 
RESET4 meet the setup and hold timing re- 
quirements of the 80286 CPU. 


1.2.2 Clock Generation and Selection Logic 


The 82C211 provides a flexible clock selection 
scheme as shown in Figure 1.2. It has two 
input clocks; CLK2IN and ATCLK. CLK2IN is 
driven from a TTL crystal oscillator, running 
at a maximum of twice the processor clock 
(PROCCLK) frequency. ATCLK is derived 
from a crystal. Typically, it should be of a 
lower frequency than CLK2IN. ATCLK and 
CLK2IN can be selected under program con- 
trol. 


CLK2IN 


ATCLK 








The 82C211 generates processor clock, 
PROCCLK, for driving the CPU state machine 
and interface. SCLK (internal) is PROCCLK/2 
and is in phase with the internal states of the 
80286. BCLK (internal) is the AT bus state 
machine clock and is used for the AT bus 
interface. SYSCLK is the AT bus system clock 
and is always BCLK/2. 


PROCCLK can be derived from CLK2IN or 
from ATCLK. In the synchronous mode, both 
PROCCLK and BCLK are derived from 
CLK2IN, so that the processor state machine 
and the AT bus state machine run synchro- 
nous. In the asynchronous mode, BCLK is 
generated from the ATCLK and PROCCLK is 
generated from CLK@2IN or the ATCLK. In this 
case, the processor and AT bus state ma- 
chines run asynchronous to each other. The 
following clock selections are possible: 


Synchronous mode 


1. PROCCLK = BCLK = CLK2IN 
SYSCLK = BCLK/2 = CLK2IN/2 


2. PROCCLK = CLK2IN 
BCLK = CLK2IN/2 
SYSCLK = BCLK/2 = CLK2IN/4 


3. PROCCLK = BCLK = CLK2IN/2 
SYSCLK = BCLK/2 = CLK2IN/4 


PROCCLK 


SYSCLK 


Figure 1.2 Clock Selection Block Diagram 
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CHIFS 


Asynchronous mode 


1. PROCCLK = CLK2IN 
BCLK = ATCLK 
SYSCLK = BCLK/2 = ATCLK/2 


2. PROCCLK = ATCLK 
BCLK = ATCLK 
SYSCLK = BCLK/2 = ATCLK/2. 


Under normal operation, CLK2IN should be 
selected as the processor clock (PROCCLK) 
to allow the processor to run at full speed. 
BCLK can either be a sub-division of CLK2IN 
or the ATCLK. ATCLK may be selected to 
generate PROCCLK only when it is desired 
to slow down the processor for timing de- 
pendent code execution. Once the options 
for clock switching are set, the switching 
occurs with clean transition in the asynchro- 
nous or synchronous mode. During clock 
switching, no phases of PROCCLK are less 


PROCCLK 





than the minimum value or greater than the 
maximum value specified for the 80286 CPU. 
The clock source selection is made by writing 
to REG60H<4> and REG62H<0: 1>, which 
default to: PROCCLK = CLK2IN, SYSCLK = 
CLK2IN/4. 


Figures 1.3 and 1.4 illustrate the sequence of 
events that switch PROCCLK from high to 
low speed and from low to high speed, upon 
receiving a request from the configuration 
register. In Figure 1.3, the falling edge (A) of 
PROCCLK is used to latch the command 
inactive condition (1). On the falling edge 
(B), CLK2IN is disabled on the PROCCLK 
line. This ensures that clock switching will 
occur when PROCCLK is low. Once 
PROCCLK has been disabled, the first rising — 
edge (C) of BCLK latches this condition as 
denoted by sequence (2). BCLK then enables 
itself on the PROCCLK line on the falling edge 





Figure 1.3 Sequence Diagram for High to Low Frequency Transition 
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Figure 1.4 Sequence Diagram for Low to High Frequency Transition 
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(D) as denoted by sequence (3). This ensures 
a glitch free transition between the two clocks. 
It also does not violate the min and max 
80286 CPU clock specifications. If BCLK is 
asynchronous with respect to CLK2IN, it is 
possible that sequence (2) could violate setup 
time requirements with respect to edge (C). 
In this case, edge (D) will register the state of 
PROCCLK as still being high in sequence (3). 
Hence, edge (E) samples PROCCLK to be 
low and edge (F) enables BCLK on the 
PROCCLK line. This case also does not violate 
the min and max 80286 CPU clock specifi- 
cations. 


In Figure 1.4, the falling edge (A) of PROCCLK 
latches command inactive as denoted by se- 
quence (1). Edge (B) disables BCLK on the 
PROCCLK line. In sequence (2), edge (C) of 
CLK@IN latches PROCCLK low. Edge (D) then 
enables CLK2IN on the PROCCLK line as 
denoted by sequence (3). If sequence (2) 
does not meet setup time requirements of 
edge (C), then the state of PROCCLK is 
sampled as being high in sequence (2). In 
this case, edge (D) samples PROCCLK low 
and edge (E) enables CLK2IN on the 
PROCCLK line. In this case also, PROCCLK 
does not violate the min and max 80286 CPU 
clock specifications. 


1.2.3 CPU State Machine, Bus State Machine 
and Bus Arbitration 


In order to extract maximum performance 
out of the 80286 on the system board, it is 
desirable to run the system board at the rated 
maximum CPU frequency. This frequency may 
be too fast for the slow AT bus. In order to 
overcome this problem, the 82C211 has two 
state machines: the CPU state machine which 
typically runs off CLK2IN, and the AT bus 
state machine which runs off BCLK. The two 
state machines maintain an asynchronous 
protocol under external mode operation. 


CPU State Machine 


Interface to the 80286 requires interpretation 
of the status lines SO, S1, M/IO during TSO 
and the synchronization and generation of 
READY to the CPU upon completion of the 
requested operation. IALE is issued in res- 








ponse to the beginning of a new cycle in TS1 
by the 82C211. If AF16 is detected as being 
inactive at the end of the processor TS state, 
control is handed over to the AT bus state 
machine. The CPU state machine then waits 
for READY to be active to terminate the 
current cycle. All local memory cycles are 16 
bit cycles. If AF16 is asserted in response to a 
new CPU cycle and READY is not returned to 
the 82C211 within 128 clocks, and REG60H<2> 
is enabled, then an NMI is generated to signal 
bus time-out, if NMI has been enabled. 








AT Bus State Machine 


The AT bus state machine gains control when 
AF16 is detected inactive by the CPU state 
machine. It uses BCLK which is twice the 
frequency of AT system clock SYSCLK. When 
ATCLK is selected as the source for BCLK, it 
also performs the necessary synchronization 
of control and status signals between the AT 
bus and the processor. The 82C211 supports 
8 and 16 bit transfers between the processor 
and 8 or 16 bit memory or I/O devices located 
on the AT bus. The action codes ACO, AC1 
qualified by ACEN are used for bus sizing 
and 8, 16 bit bus conversions by the 82C215. 
They are discussed in section 1.2.4. 








The AT bus cycle is initiated by asserting 
ALE in AT-TS1. On the falling edge of ALE, 
MEMCS16 is sampled for a memory cycle to 
determine the bus size. It then enters the 
command cycle AT-TC and provides the se- 
quencing and timing signals for the AT bus 
cycle. For an I/O cycle, |OCS16 is sampled in 
the middle of the processor TC state. These 
control signals emulate the lower speed AT 
bus signals. The command cycle is terminated 
when IOCHRDY is active on the AT bus and 
all programmed wait states have been exe- 
cuted. 


It is possible to provide software selectable 
wait states and command delays to the AT 
state machine. Providing command delays 
causes the commands (KMEMR XMEMW. XIOR 
or XIOW)to be delayed from going active in 
BCLK steps. Providing wait states causes 
READY to be delayed to the CPU in steps of 
the AT command cycles (AT-TC). The defaults 
and settings are discussed in section 1.4. 
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Figure 1.5 Refresh/DMA Sequence 


Bus Arbitration 


The 82C211 controls all bus activity and pro- 
vides arbitration between the CPU, DMA/ 
Master devices, and DRAM refresh logic. It 
handles HRQ and REFREQ by generating 
HOLD request to the CPU and arbitrating 
among these requests in a non-preemptive 
manner. The CPU relinquishes the bus by 
issuing HLDA. The 82C211 responds by issu- 
ing REF or HLDA1 depending on the request- 
ing device. During a refresh cycle, the refresh 
logic has control of the bus until REF goes 
inactive. XMEMR is asserted low during a 
refresh cycle and the refresh address is pro- 
vided on the AO-A9 address lines by the 
82C211 to be used by the 82C212 memory 
controller. During a DMA cycle, the DMA 
controller has control of the bus until HRQ 
goes inactive. The 82C211 puts out the action 
codes for bus sizing. ALE, EALE and ACEN 
are active during DMA cycle. 








Figure 1.5 is a sequence diagram for Refresh/ 
DMA cycles. Upon receiving a refresh request 


(REFREQ) it is internally latched by the 
82C211. On the first rising edge of SYSCLK, 
HOLD is output to the processor in sequence 
1. Depending on the current activity of the 
processor, a hold acknowledge (HLDA) is 
issued by the processor in sequence 2, after 
a DMA latency time. The 82C211 responds 
with REF active in sequence 3. LMEGCS from 
the 82C212 goes active in sequence 4. XMEMR 
is asserted low on the second rising edge of 
SYSCLK after REF is low in sequence 5. The 
82C212 pulls all its RAS lines (RASO-RAS3) 
high when REF goes low. The RAS lines go 
active in sequences 6 and 7 when the refresh 
address is active on the AO-A9Q lines of the 
82C211. The 82C212 uses the A0-A9Q lines to 
generate the refresh address on the MAO-MA9 
address lines. XMEMR goes inactive in se- 
quence 8 followed by the RAS lines going 
inactive in sequences 9, 10. REF, LMEGCS 
and HOLD go inactive in sequence 11. Con- 
trol is transferred to the CPU after HLDA 
goes inactive in sequence 12. 





If a DMA device requests control of the bus, 


the 82C211 receives HRQ1 active. After a DMA 
latency time, the CPU relinquishes the bus to 
the requesting device by issuing HLDAT1 in 
sequence 14. HLDA1 is active as long as 
HRQ1 is active. Once the DMA device de- 
asserts HRQ1, HLDA1 is deasserted by the 
82C211 in sequence 15, to return control to 
the processor. 


1.2.4 Action Codes Generation Logic 


The AT state machine performs data conver- 
sion for CPU accesses to devices not on the 
CPU or Memory Bus.The AT bus conversions 
are performed for 16 to 8 bit read or write 
operations. Sixteen bit transfers to/from the 
CPU are broken into smaller 8 bit AT bus or 
peripheral bus reads or writes. The action 
codes are generated as shown in Table 1.1 to 
control the buffers in the 82C215. The action 
codes are in response to signals MEMCS16, 
10CS16. 





Table 1.1 
Action Codes Enable (ACEN) Generation 


Operation ACEN 
DMA/MASTER} 0 
CPU (local) 1 


CPU (AT bus) | 0 for write 
0 qualified by command for 
read and interrupt 
acknowledge cycles 


REFRESH 1 qualified by REF 


AT-Bus CPU Cycles HLDA1 = 0 


AC | Operation 

00 16 bit write and 8 bit write (low byte) 
01 16 bit read and 8 bit read (low byte) 
10 8 bit write (high byte) 

11 8 bit read (high byte) 
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Figure 1.6 Quick Mode Bus Conversion Cycle (OWS, 0CD) 
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DMA/MASTER Cycles, HLDA1 = 1 


AC ; Operation 


00 MD bus tri-stated from the 82C215 
for 16 bit and 8 (low byte) read/write 
operations 


01 Reserved 
10 High memory write MDO-7 to MD8-15 
11 High memory read MD8-15 to MDO-7 


Figure 1.6 shows a sequence diagram for a 
data conversion cycle in Quick mode with zero 
wait states (0 W.S.) and zero command delays 
(0 C.D.). Quick mode is discussed in section 
1.3.2. In Quick mode ALE is issued on the AT 
bus as shown in sequences 1 and 2. MEMCS16 
from an external device is sampled high by 
the 82C211 in sequence 3, initiating a bus 
conversion cycle. The first command also 
goes active in sequence 3 for the first byte 
operation and is terminated in sequence 4. In 
order to provide sufficient back to back time 
between the two 8 bit cycles, the second byte 
command is issued two PROCCLKs later in 
sequence 5 and is terminated in sequence 6. 
No second ALE is issued for the second byte 
operation since only address line XAO changes 
from zero to one. READY is asserted low in 
sequence 7 and is sampled low by the pro- 
cessor in sequence 8, to terminate the current 
cycle. ACEN and ACO, AC1 are issued by the 
82C211 for bus conversion as shown. 








1.2.5 Port B and NMI generation logic 


The 82C211 provides access to Port B defined 
for the PC/AT as shown in Figure 1.7. 
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Figure 1.7 Port B 





Read/ 

Bits | Write Function 

7 PCK-System memory parity 
check 

6 |R | CHK-/O channel check 

5 PR | T20-Timer 2 out 

4 PR | RFD-Refresh Detect 

3 R/W ElC-Enable I/O channel 
check 

2 R/W ERP-Enable system memory 
parity check 

1 SPK-Speaker Data 

0 T2G-Timer 2 Gate (Speaker) 


Table 1.2 Port B register definition 


The NMI sub-module performs the latching 
and enabling of I/O and parity error condi- 
tions, which will generate a non-maskable 
interrupt to the CPU if NMI is enabled. Read- 
ing Port B will indicate the source of the error 
condition (IOCK and PCHK). Enabling and 
disabling of NMI is accomplished by writing 
to I/O address 070H. On the rising edge of 
XIOW, NMI will be enabled if data bit 7 (XD7) 
is equal to 1 and will be disabled if XD7 is 
equal to 0. 


Numeric Coprocessor Interface 


Incorporated in the 82C211 is the circuitary to 
interface an 80287 Numeric Coprocessor to 
80286. The circuitary handles the decoding 
required for selecting and resetting the 
Numeric Coprocessor, handling NPBUSY and 
ERROR signals from the 80287 to the CPU, 
and generating interrupt signals for error 
handling. 





The NPCS signal is active for |/O addresses 
OF8H-OFFH, used to access the internal regis- 
ters of the 80287. It is also active for I/O 
addresses O70H-NMI mask register, OFOH- 
Reset Numeric Coprocessor BUSY signal, and 
OF1H-Reset the Numeric Coprocessor and 
Numeric Coprocessor BUSY signal. While 
executing a task, the 80287 issues an NPBUSY 
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signal to the 82C211. Under normal operation, 
it is passed out to the CPU as BUSY. if 
during this busy period, a numeric coproces- 
sor error occurs, ERROR input to the 82C211 
becomes active, resulting in latching of the 
BUSY* output and assertion of NPINT. Both 
signals stay active until cleared by an !/O 
write cycle to address OFOH or OF 1H. A system 
reset clears both NPINT and BUSY latches 
in the 82C211. The 80287 is reset through the 
NPRESET output, which can be activated by 
a system reset or by performing a write oper- 
ation to I/O port OF1H. 








1.3 Modes of Operation of the 82C211 


The 82C211 has 4 modes of operation for 
different CPU and AT bus clock selections: 


Normal mode’ 
Quick mode 

Delayed mode 
External mode 


oes ae 
TT 
Tao ie teoTow | 





1.3.1 Normal mode 


This mode is enabled by default (without 
writing to the internal registers of the 82C211). 
Under Normal mode: 


PROCCLK = CLK2IN 
BCLK = CLK2IN/2 
SYSCLK = CLK2IN/4 


Since the CPU state machine clock and the 
AT bus state machine clock are derived from 
CLK2IN, this is a synchronous mode. ALE 
and commands (XMEMR, XMEMW, XIOR, 

XIOW) are issued only for AT bus cycles and 
not for local cycles. If activated by default, 
I/O cycles will have one command delay, 8 bit 
AT memory cycles will have 4 wait states, 16 
bit AT memory cycles will have 1 wait state. 





Figure 1.8 shows the sequence diagram of a 
Normal mode local cycle followed by an AT 
bus cycle with zero wait states (0 W.S.) and 


AT-BUS CYCLE 
a ar | ae | a | om] 


oni aa) sual 
- pepper 


my fan (fl oa (a) > 


IALE 
BLCK aannee ee er 
=CLK2IN/2 


a. i enaiver ar 


aris //////\ 


ALE —— 


COMMAND 





— =e ee 
SYSCLK | 


ri 
eis 





Figure 1.8 Normal Mode Local Cycle Followed by AT Bus Cycle (OWS, OCD) 





CAFS 





Ts Tc Tc Te Te Ts 
Tso | Ts1 | Tco | Tc1 | Tco | Tes | Tco | Tc1 | Tco | Tc1 | Tso | Ts1 


CLK2IN 
=PROCCLK 


$0,S1 









ADDRESS 
M/1O 


IALE 
AF16 

BCL 
=CLK2IN/2 
ALE 


COMMAND 


READY 


Sad ot 


thane VL a ee es 


[-{ | | Fe a 


anal aa 
j aeaeae ans om 










NOTE: TD = DELAYED HOLD TIME, TN = NORMAL HOLD TIME. 


Figure 1.9 Normal Mode AT Bus Cycle with Additional Hold Time (OWS, 0CD) 


zero command delays (0 C.D.). In sequences 
1 and 2, IALE is generated from CLK@2IN. 
AF16 is sampled to be low in sequence 2. 
ALE and AT buss commands (XIOR, XIOW, 
XMEMR, MEMW) are not generated since it is 
a local cycle. For a zero wait state cycle, 
ready is sampled low by the 80286 CPU in 
sequence 3 and the cycle is terminated. For 
the AT bus cycle, AF16 is sampled high in 
sequence 4. Control is transferred to the AT 
bus state machine. BCLK then generates the 
AT bus states. ALE is generated in sequences 
5 and 6. The AT bus command is generated 
in sequences 6 and 7, for zero command 
delays programmed in the 82C211. For a zero 
wait state cycle, ready is asserted low as 
shown in sequences 8 and 9, to be sampled 
by the CPU in sequence 7. This terminates 
the AT bus cycle. 

















On the AT bus, certain slow peripherals re- 
quire between 50 to 60 nanoseconds between 
command going inactive to the next ALE 
going active, to provide sufficient data re- 
covery time. The sequence diagram in Figure 


1.9 shows a Normal mode AT bus cycle with 
additional hold time. The dotted IALE signal 
would have been valid, if the additional hold 
time register had not been enabled in RA1<7>. 
Instead, IALE is delayed by one T¢ state of 
the processor by asserting READY one T>. 
cycle later. The 82C212 provides an extended 
DLE to the 82C215 in this mode, so that data 
is available to the CPU during write cycles. If 
this mode was not invoked, then READY 
would have been asserted earlier as shown 
by the dotted line. In Delayed mode, the 
82C211 provides an extended data hold time. 
This additional hold time can only be pro- 
grammed in the Normal mode. 





1.3.2 Quick mode 


This mode is also a synchronous mode and is 
enabled by writing a zero to REG61<6> and 
the following clock selections have been made: 


PROCCLK = BCLK = CLK2IN 
SYSCLK = CLK2IN/2 


In Quick mode, an ALE signal is generated 
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Figure 1.10 Quick Mode Local Cycle Followed by AT Bus Cycle (OWS, OCD) 


on the AT bus for both AT bus and local bus 
cycles. However, the commands (XMEMR, 
XMEMW, XIOR, XIOW) are not issued for 
local bus cycles. 








The sequence diagram for a Quick mode 
local cycle followed by an AT bus cycle is 
shown in Figure 1.10. In this mode, both IALE 
and ALE are generated in sequences 1 and 2 
for the local cycle. Hence, an ALE is issued 
on the AT bus for AT or non-AT bus cycles. 
The local cycle is terminated wnen READY is 
sampled low by the 80286 in secuence 3. For 
the AT bus cycle, the command is issued 
after AF16 is sampled high in sequence 5. For 
write cycles, ACEN is activated in sequence 
4. For read cycles, ACEN is activated in se- 
quence 5. If the next cycle is not an AT bus 
write cycle, then ACEN is negated in sequence 
6. READY is sampled low by the 80286 in 
sequence 6, to terminate the cycle. As seen 
in Figure 1.10, the AT bus states coincide 
with the CPU states for AT bus cycles. Hence, 
Quick mode is performance efficient when 
switching between local and AT bus cycles. 
This mode is useful for high speed add-on 
cards such as Lazer Printer interface cards. 











1.3.3 Delayed mode 


This mode is another synchronous mode and 
is enabled when Quick mode is disabled and 
the following clock selections have been 
chosen made: 


PROCCLK = CLK2IN 
BCLK = CLK2IN 
SYSCLK = CLK2IN/2 


In Delayed mode, ALE and commands are 
issued only for AT bus cycles like in the 
Normal mode, except that BCLK = CLK@2IN. 
ALE and commands are not issued for local 
cycles. Figure 1.11 shows a Delayed mode 
AT bus cycle. IALE is generated in sequences 
1 and 2. ALE is asserted in sequence 3 after 
sampling AF16 high and it is deasserted in 
sequence 4. Hence the AT bus states, though 
synchronous, are delayed with respect to the 
processor states. Figure 1.11 is an example 
with two command delays and three wait 
states. The dotted lines A and B show com- 
mand going active for 0 and 1 command 
delays. Sequence 5 shows command going 
active for programmed 2 command delays. 
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Figure 1.11 Delayed Mode AT Bus Cycle (3WS, 2CD) 


Dotted lines D, E, F show command going 
inactive for 0, 1, 2 wait states. Sequence 6 
shows command going inactive for program- 
med 3 wait states. READY is sampled by the 
80286 in sequence 6 to terminate the current 
cycle. Since the AT bus states are delayed 
with respect to the processor states, the Local 
Address lines LA17-LA23 (typically un-latched) 
are not valid when ALE is active. In order to 
have the LA17-LA23 lines valid when ALE is 
active, they are latched by EALE as shown in 
sequence 7. Sequences 8, 9 show when 
ACEN is asserted for AT bus write (W) and 
read (R) cycles. ACEN is deasserted in se- 
quence 10. This mode is useful for slow peri- 
pheral AT add-on cards. 











1.3.4 External mode 


This is an asynchronous mode and is enabled 
when ATCLK is selected as the source for 
BCLK. The following clock selections are re- 
quired in this mode: 


PROCCLK = CLK2IN 
_ BCLK = ATCLK 
SYSCLK = ATCLK/2 


Since ATCLK is asynchronous to CLK2IN, 
the CPU state machine runs asynchronous to 
the AT bus state machine. ALE and commands 
(XMEMR, XMEMW, XIOR, XIOW) are issued 
only for AT bus cycles. These signals are 
inactive for local cycles. Figure 1.12 shows a 
sequence diagram for an External mode AT 
bus cycle. AF16 is sampled high in sequence 
2 and is latched internally, using CLK2IN. 
The asynchronous BCLK samples this latched 
state on the next rising edge of BCLK. In the 
example shown, edge A samples the latched 
AF16 signal (internal) high. This causes the 
AT state machine to issue an ALE in se- 
quences 3 and 4. For a zero command delay, 
zero wait states cycle, the command is issued 
on the AT bus in sequences 4 and 6, syn- 
chronized with BCLK. For write cycles, ACEN 
is asserted in sequence 1 and for read cycles, 
it is asserted in sequence 5. ACEN is de- 
asserted in sequence 7. The command inactive 
state is sampled by CLK2IN on every rising 
edge. In this case, edge D of CLK2IN samples 
command high (sequence 8). It is followed by 
the assertion of READY in sequence 9, syn- 
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Figure 1.12 External Mode AT Bus Cycle (OWS, 0CD) 


chronized with CLK2IN. The CPU samples 
READY low in sequence 10 and terminates 
the current cycle. 





1.4 Configuration Registers 


There are three bytes of configuration regis- 
ters in the 82C211; RAO, RA1 and RA2. An 
indexing scheme is used to reduce the I/O 
ports required to access all the registers re- 
quired for the NEAT CHIPSet. Port 22H is 
used as an indexing register and Port 23H is 
used as the data register. The index value is 
placed in port 22H to access a particular 
register and the data to be read from or 
written to that register is located in port 23H. 
Every access to port 23H must be preceded 
by a write of the index value to port 22H even 
if the same register data is being accessed 
again. All reserved bits are set to zero by 


default and when written to, must be set to 
zero. Table 1.3 lists the three registers: 


Table 1.3 











Register 
Number 


Register 
Name 


PROCCLK Selector 





Command Delay 


Wait State/ 
BCLK Selector 


RA2 62H 


VFS 





1.4.1 Register Description 


PROCCLK Register RAO 


Command Delay Register RA1 
Index register port: 22H 
Data register port: 23H 


Index register port: 22H Index: 61H 
Data register port: 23H 
oer [o7 Jos] 0554] 0s [o2[ 01 [00] 
AT BUS 1/0 
107 | D6 [Ds [D4] D3} D2] D1} Do | COMMAND DELAY 
READY (R/W) 
TIME-OUT (R) 
AT BUS 8 BIT 
RESERVED MEMORY 
Ee 
READY NMI DELAY (R/W) 
ENABLE (R/W) 
AT BUS 16 BIT 
RESERVED MEMORY 
PROCCLK Bae ee 
SELECT (R/W) aL 
QUICK MODE 
CPU RESET (W) ENABLE (R/W) 
HOLD TIME 
DELAY (R/W) 
82C211 
VERSION (R) 
Bits Function 
Bit Funct 1,0 AT Bus I/O cycle command delay. 
= penbshddrdek Specifies between 0 to 3 BCLK cycle 
7,6 82C211 revision number. 00 is the command delays for AT I/O cycles. 
initial number. Default is 1. 
5 Alternate CPU reset. A low to high 3, 2 AT Bus 8 bit memory command 
transition in this bit activates a CPU delay. Specifies between 0 to 3 
reset. Once active, it remains active BCLK cycle command delays for 8 
for 16 PROCCLK cycles and then bit AT memory cycles. Default is 1. 
goes low. 5, 4 AT Bus 16 bit memory command 
4 Processor clock select is by default delay. Specifies between O and 3 
set to zero and selects PROCCLK = BCLK cycle command delays for 16 
CLK2IN. If high, it selects PROCCLK bit AT memory cycles. Default is 0 
= BOLK. 6 Quick mode enable. A zero enables 
3 Reserved. Quick mode and a one disables it. 
Default is 1. 
Local bus READY timeout NMI en- 
able. A one enables the NMI anda 7 Address hold time delay. A one en- 
zero disables it. Default is 0 ables extra address bus hold time 
and a zero disables it. Default is 0. 
1 Reserved. 
0 Local bus READY timeout. A one 


indicates that READY timeout has 
occurred 128 PROCCLK cycles after 
AF16 has been asserted. A zero in- 
dicates that READY time out has not 
occurred. 








CHIPS 


Wait States Register RA2 
Index register port: 22H 
Data register port: 23H 
Index: 62H 


[07 |p6} 05] 4] 03 {D2} D1} 00 | 


(RW) SELECT 


WAIT STATE (R/W) 


16 BIT AT CYCLE 
WAIT STATE (R/W) 


RESERVED 


i 
8 BIT AT CYCLE 
| 
| 
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Bits 


00 
01 
10 
11 


00 
01 
10 
11 


00 
01 
10 
11 





Function 


Bus clock (BCLK) source select. 
Default is 00. 


BCLK = CLK2IN/2 
BCLK = CLK2IiN 
BCLK = ATCLK 
Reserved 


8 bit AT cycle wait state generation. 
Default is 5. 


2 wait states 
3 wait states 
4 wait states 
5 wait states 


16 bit AT cycle wait state generation. 
Default is 3. 


0 wait states 
1 wait state 

2 wait states 
3 wait states 


Reserved 





1.5 Absolute Maximum Ratings 




















Parameter Symbol Min. Max. Units 
Supply Voltage Voc — 7.0 V 
Input Voltage | V; -0.5 5.5 V 
Output Voltage Vo -0.5 5.5 V 
Operating Temperature Top -25° 85° Cc 
Storage Temperature Tste¢ -40° 125° C 





NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 
operation should be restricted to the conditions described under Operating Conditions. 


1.6 82C211 Operating Conditions 








Parameter Symbol Min. Max. Units 
(SPS HE STB I a I I ET a 
Supply Voltage Voc 4.75 5.25 V 
Ambient Temperature Ta 0° 70° 





1.7 82C211 DC Characteristics 





Parameter Symbol Min. Max. Units 

Input Low Voltage Vit — 0.8 V 

Input High Voltage VW 2.0 — 

Output Low Voltage Voi _— 0.45 V 
lo = TBD 

Output High Voltage Vou 2.4 — V 
low = TBD 

Input Current lie — +10 LA 

Input Clamp Voltage Vic TBD V 

Power Supply Current @ 16MHz loc — TBD mA 

Output High-Z Leakage Current loz +10 LA 
0.45<Voyt<Voc 

PROCCLK Output Low Voltage Voice — 0.45 V 
@ lot = 5mA 

PROCCLK Output High Voltage Vonc 4.0 — V 


@ lon = -ImA 
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1.8 82C211-16 AC Characteristics 
(Ta = 0°C to 70°C, Voc = 5V + 5%) 








Sym Description Typ. Units 
t1 ALE active delay from SYSCLK! 2 ns 
t2 ALE inactive delay from SYSCLKTt 4 ns 
t3 COMMAND active delay from SYSCLK!t 4 ns 
t4 COMMAND inactive delay from SYSCLKt 2 ns 
t5 EALE active delay from SYSCLK! 10 ns 
t6 MEMCS16 set-up time to SYSCLKt 9 ns 
t7 MEMCS‘16 hold time to SYSCLKt ns 
t8 10CS16 set-up time to SYSCLK! 19 ns 
t9 10CS16 hold time to SYSCLK! ns 
t10 OWS set-up time to SYSCLKt 19 ns 
t11 OWS hold time to SYSCLKt ns 
t12 IOCHRDY set-up time to SYSCLKt 9 ns 
t13 IOCHRDY hold time to SYSCLKt ns 
t14 IALE active delay from PROCCLK! 13 ns 
t15 IALE inactive delay from PROCCLK! 14 ns 
t16 AF16 set-up time to PROCCLK! 8 ns 
t17 AF16 hold time to PROCCLK! 10 ns 
t18 READY input set-up time to PROCCLK! 7 ns 
t19 READY input hold time PROCCLK! 8 ns 
t20 RESETS active delay from PROCCLK! 9 ns 
t21 RESETS inactive delay from PROCCLK! 12 ns 
t22 RESET4 active delay from PROCCLK! 10 ns 
t23 RESET4 inactive delay from PROCCLK! 12 ns 
t24 SDIR<1:0> active delay from SYSCLK! 6 ns 
t25 SDIR<1:0> inactive delay from SYSCLKt 15 ns 
t26 ACEN active delay from SYSCLK! 8 ns 
t27 ACEN inactive delay from SYSCLKt 6 ns 
t28 SDIR<1:0> active delay from PROCCLK! 21 ns 
t29 SDIR<1:0> inactive delay from PROCCLK! 25 ns 
t30 ACEN active delay from PROCCLK! 25 ns 


1.8 82C211-16 AC Characteristics (Continued) 
(Ta = 0°C to 70°C, Voc = 5V + 5%) 





Sym __—iDescription 





t31 ACEN inactive delay from PROCCLK! 

t32 ACO active delay from PROCCLK! 

133 ACO inactive delay from PROCCLK} 

t34 AC1 active delay from MEMCS‘16 active 
(memory) 

t35 AC1 active delay from |O0CS16 active (IO) 

t86 REFREQ set-up to SYSCLK} 

137 REFREQ width 

{38 Hold active delay from SYSCLK! 

t39 Hold inactive delay from SYSCLKt 

t40 REF delay from HLDA 

t41 REF delay from SYSCLK? 

t42 REFDET delay from REF 

t43 REF inactive delay from SYSCLK1 

t44 XMEMR active delay from SYSCLKt 

t45 XMEMR inactive delay from SYSCLKt 

t46 HRQ1 set-up to SYSCLKt 

t47 HRQ1 hold time to SYSCLKt 

t48 HLDA1 active delay from SYSCLKt 

t49 HLDA1 active delay from HLDAt 

t50 HLDA1 inactive delay from SYSCLKt 

t51 HLDA1 inactive delay from HLDA! 

52 NPCS active delay from PROCCLK! 

t53 Overlap of NPBUSY & ERROR (both low) 

t54 CPINT delay from NPBUSY, ERROR low 

t55 CPINT inactive delay from ERROR! 

t56 NPBUSY active pulse width 

t57 ERROR hold time with respect to NPBUSY! 

t58 ERROR set up time to NPBUSY! 

t59 ERROR min low pulse 
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1.8 82C211-16 AC Characteristics (Continued) 
(Ta = 0°C to 70°C, Voc = 5V + 5%) 





Sym Description Min. Typ. Max. Units 
t60 BUSY active delay from NPBUSY! 32 ns 
t61 BUSY inactive delay from NPBUSY! 32 ns 
t62 BUSY delay from |OW 30 ns 
t63 NPRST active delay from IOW 33 ns 
t64 NPRST inactive delay from |OW 37 ns 


1.9 82C211 Timing Diagrams 
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1.9 82C211 Timing Diagrams (Continued) 
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1.9 82C211 Timing Diagrams (Continued) 
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1.9 82C211 Timing Diagrams (Continued) 
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2 82C212 PAGE/INTERLEAVE AND 
EMS MEMORY CONTROLLER 


2.1 Features 


m Page mode access with interleaved 
memory banks, providing higher perform- 
ance over conventional DRAM accessing 


schemes 


Supports 100ns DRAMs at 16MHz using 
page interleaved operation 


Supports upto 8Mbytes of on board 
memory 


Provides automatic remapping of RAM 
resident in 640K to 1Mbyte area to the top 
of the 1Mbyte address space. 


Supports Lotus Intel Microsoft-Expanded 
Memory System (LIM-EMS 4.0) address 
translation logic 


INTERNAL 
ADDRESS 
BUS 


XIOR, XIOW 
CONFIG. 
REGISTERS 
MA<7:0> 


DLY<2:0> 
A0-A23 


ADDRESS 
DECODER 


EMS ADDRESS 
TRANSLATION 
LOGIC 


A14-A23 





$1,S0,M/10 


XMEMR, 
XMEMW,HLDA1 


ADDRESS 


GATEA20 


CLK2 
X1,X2 


CLOCK 
LOGIC 


ae Ce REFRESH 
REFRESH LOGIC 


RESET4 


INTERNAL 
STATUS 


EE 


STATUS 


LATCH | 





Shadow RAM feature for efficient Basic 
Input/Output System (BIOS) execution 


OS/2 optimization feature allows fast 
switching between protected and real mode 


Staggered refresh to reduce power supply 
noise 


2.2 Overview 


The 82C212 performs the memory control 
functions in the NEAT system, utilizing page 
mode access DRAMs. The various memory 
array configurations possible and Page/ 
Interleaved mode operation are discussed in 
this section. Figure 2.1 is a block diagram of 
the 82C212 chip. 


2.2.1 Array Configuration 


The 82C212 organizes memory as banks of 
18 bit modules, consisting of 16 bits of data 


INTERNAL 
CONTROL 
BUS BUS 


RAS<3:0> 
CAS00..31 


DWE,ROMCS 
READY 





GA20 
LMEGCS 


MA<7:0> 


MA<9:8> 


OSC,OSC/12 


Figure 2.1 82C212 Block Diagram 
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Crr 


and 2 bits of parity information. The 16 bits of 
data are split into high and low order bytes, 
with one parity bit for each byte. This configu- 
ration can be implemented by using eighteen 
1-bit wide DRAMs or by using four 4-bit wide 
DRAMs for data with two 1-bit wide DRAMs 
for parity. The minimum configuration can be 
a single bank operating in non-interleaved 
mode or can be a pair of DRAM banks oper- 
ating in two way interleaved mode. Since the 
82C212 uses a two way interleaving scheme, 
the DRAMs within a pair of banks must be 
identical. However, each bank of DRAM pairs 
can be different from other pairs. For example, 
Banks 0, 1 may have 256K by 1 bit DRAMs 
and Banks 2 and 3 could have 1M by 1bit 
DRAMs. A typical system may be shipped 
with one or two banks of smaller DRAM types 
(eg. 256K by 1 bit DRAMs) and later upgraded 
with additional pairs of banks of larger DRAMs 
(eg. 1M by 1 bit DRAMs). 


2.2.2 Page/Interieaved Operation 


The 82C212 uses a page/interleaved design 
that is different from most interleaved memory 


aca 





designs. Typical two way interleaving schemes 
use two banks of DRAMs with even word 
addresses on one bank and odd word ad- 
dresses on the other bank. If memory ac- 
cesses are sequential, the RAS* precharge 
time of one bank overlaps the access time of 
the other bank. Typically, programs consist 
of instruction fetches interspersed with 
operand accesses. The instruction fetches 
tend to be sequential and the operand ac- 
cesses tend to be random. 


Figure 2.2 is a sequence diagram for a memory 
interleaved scheme using two banks 0 and 1. 
The RAS signals of the two banks are inter- 
leaved so that the RAS precharge time (T,p) 
of one bank is used for the RAS active time in 
the other bank. This requires sequential ac- 
cesses to be alternating between the two 
banks. For non-sequential accesses, it is pos- 
sible to get wait states due to a ‘miss’. Typi- 
cally, this results in a 50% hit ratio (possible 
zero wait state accesses). 


Figure 2.3 is a sequence diagram of a paged 
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Figure 2.2 DRAM Interleaved Operation 
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Figure 2.3 DRAM Page Mode Operation 





mode DRAM operation. In paged mode 
DRAMs, once a row access has been made, it 
is possible to access subsequent column ad- 
dresses within that row, without the RAS pre- 
charge penalty. However, after a RAS active 
timeout, there is a RAS precharge period 
which typically occurs every 10 microseconds. 
Since the CAS precharge time T,,, is small, it 
is possible to make fast random accesses 
within a selected row. Typically, page mode 
access times are half the normal DRAM ac- 
cess times. For 256K <x 1 DRAMs, each row 
has 512 bits. If eighteen 256K x 1 bit DRAMs 
are used to implement a bank, a page would 
have 512 x 2 bytes (excluding 2 bits for parity) 
= 1 Kbytes. Thus paged mode DRAMs could 
be interleaved at 1 Kbyte boundaries rather 
than 2 byte boundaries as in the regular inter- 
leaved mode operation. Any access to the 
Currently active RAS page would occur in a 
short page access time and any subsequent 
access could be anywhere in the same 1Kbyte 
boundary, without incurring any penalty due 
to RAS precharge. If memory is configured to 
take advantage of this DRAM organization, 
significantly better performance can be a- 
chieved over normal interleaving because: 





1. Page mode access time is shorter than 
normal DRAM access time. This allows 
more time in the DRAM critical paths, to 
achieve penalty free accesses or ‘hits’. 


2. The possibility of the next access being 
fast is significantly higher than in a regular 
interleaving scheme. This is because in- 
structions and data tend to cluster together 
by principle of locality of reference. 


RASO 
CASO 


DATA 





Figure 2.4 is a sequence diagram of a two way 
Page/Interleaved scheme using page mode 
DRAMs. As seen, it is possible to make zero 
wait state accesses between the two banks 0 
and 1, by overlapping CAS precharge time of 
one bank with CAS active time of the other 
bank. The DRAM RAS lines for both banks 
can be held active till the RAS active time out 
period, at which time a RAS precharge for 
that bank is required. Typical hit ratios higher 
then 80% are possible using this scheme. 
With the 82C212 memory controller, using 
the page/interleaved scheme, 150 nanosecond 
access time DRAMs can be used at 12MHz 
and 100 nano second access time DRAMs at 
16MHz. 


OS/2 Optimization 


The NEAT architecture features OS/2 optimi- 
zation using REG67<1> of the 82C212 in 
conjunction with REG60<5> of the 82C211. 
OS/2 makes frequent DOS calls while oper- 
ating in protected mode of the 80286 CPU. In 
order to service these DOS calls, the 80286 
CPU has to switch from protected to real 
mode quickly. Typical PC/AT architectures 
require the processor to issue two commands 
to the 8042 (or 8742) keyboard controller in 
order to reset the processor (to switch it into 
protected mode) and to activate GATEA20. 


REG60<5> of the 82C211 is to used to invoke 
a software reset to the 80286 processor and 
REG67<1> is used to activate GATEA20. 
Since this involves two I/O writes, it is possible 
to execute a “Fast GATEA20”. In an OS/2 
environment, where frequent DOS calls are 
made, this feature provides significant per- 
formance improvement. 
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Figure 2.4 DRAM Page/Interleave Operation 
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Figure 2.5 DRAM Organization 


42 


2.3 Functional Description 


Figure 2.1 is a block diagram of the 82C212 
memory controller. It consists of the following 
sub-modules: 


= EPROM and DRAM control logic 

a System Control logic 

m Memory Mapping and Refresh logic 
@ Oscillator clock generation logic 


= Configuration registers 


2.3.1 EPROM and DRAM Control Logic 


The EPROM and DRAM control logic in the 
82C212 is responsible for the generation of 
the RAS, CAS and MWE signals for DRAM 
accesses and the generation of ROMCS for 
EPROM accesses. This sub-module also 
generates READY to the CPU upon comple- 
tion of the desired local memory operation. 
The appropriate number of wait states are 
inserted, aS programmed by software (or by 
default) in the wait state register of the 
82C212. Figure 2.5 is a block diagram of the 
DRAM organization for the NEAT architecture. 
As seen, each RAS line drives each 256K x 18 
bit bank (or 1M = 18 bit bank). The CAS lines 
are used to drive individual bytes within each 
bank. MWE is connected to each DRAM bank 
write enable input. 














SYSTEMRAM 
1Mb 


640Kb 


OKb 


MAPPING 





2.3.2 System Control Logic 


This sub-module of the 82C212 generates 
XDEN, DLE, DRD, AF16 for system control. 
XDEN is issued for I/O accesses to the in- 
ternal registers of the 82C212. It is used to 
enable the XDO-7 lines onto the MAO-7 lines 
from an external buffer, for accessing the 
internal registers of the 82C212. The DLE and 
DRD signals are generated for enabling and 
controlling the direction of data between the 
CPU data bus and the memory data bus (MD 
bus). AF16 is issued by the 82C212 state 
machine. It is active for local memory ac- 
cesses and meets the set up and hold times 
with respect to PROCCLK for the 820211. 














2.3.3 Memory Mapping and Refresh logic 


The 82C212 has an extensive set of memory 
mapping registers for various memory organi- 
zations. The registers are discussed in section 
2.3.5. Through the memory mapping logic, 
for up to 1 Mbyte of system RAM, it is possible 
to map RAM that overlaps the EPROM area 
(640Kbyte-1Mbyte) above the 1Mbyte area, 
as shown in Figure 2.6. Hence, for 1Mbyte of 
on board RAM, the software can address it 
from 0 to 640 Kbytes and from 1 Mbyte to 
1.384 Mbytes. The EPROM can be addressed 
from the 640 Kbyte area to the 1 Mbyte area. 


ADDRESSES 
15FFFFH (1.384 Mb) 








RAM AREA 
100000H (1Mb) 
OFFFFFH 

BIOS ROM 

AREA 

OAQ000H = (640K) 
O9FFFFH 

RAM AREA 
000000H (0Kb) 


Figure 2.6 System RAM/ROM Mapping for 1MB System RAM 
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For normal mode of operation, only one bank 
of DRAMs may be used. However, for the 
page/interleaved mode of operation, RAM 
bank pairs must be used. 


Shadow RAM Feature 


For efficient execution of BIOS, it is preferable 
to execute BIOS code through RAM rather 
than through slower EPROMs. The 82C212 
provides the shadow RAM feature which if 
enabled allows the BIOS code to be executed 
from system RAM resident at the same phy- 
sical address as the BIOS EPROM. The soft- 
ware should transfer code stored in the BIOS 
EPROMs to the system RAM, before enabling 
the shadow RAM feature. This feature signifi- 
cantly improves the performance in BIOS-call 
intensive applications. Performance improve- 
ments as high as 300 to 400% have been 
observed in benckmark tests on the shadow 
RAM. The shadow RAM feature is invoked by 
enabling the corresponding bits in the ROM 
enable register and the RAM mapping register. 


If more than 1 Mbyte of system RAM exists, it 
is mapped as shown in Figure 2.7, if the 
shadow RAM feature is not invoked. This 
means that RAM in the 640 Kbyte to 1 Mbyte 
area cannot be accessed. If the shadow RAM 
feature is used, then the RAM is mapped as 


SYSTEM RAM MAPPING ADDRESS 
4Mb -——— 3FFFFFH 
=< 
eee 300000H 
ome 2FFFFFH 
<_P 
ere, 200000H 
ame 1FFFFFH 
<<_—_<_> 


= sen 77544 Cas 
sons ---- ZEA sro 
OKb eat Mooll 000000H 
Figure 2.7 RAM/ROM Mapping Without 
Shadow RAM (More Than 1MB of RAM) 





shown in Figure 2.8, overlapping or Shadowing 
the EPROM area. In both cases, for accesses 
beyond the 1 Mbyte address range, the pro- 
cessor is switched from real to protected 
mode from BIOS. 
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Figure 2.8 RAM Mapping with Shadow 
RAM (More Than 1MB of RAM) 


EMS Address Translation Logic 


Expanded Memory System or EMS is a 
memory mapping scheme used to map a 64 
Kbyte block of memory in the EPROM area 
DOOOOH-DFFFFH to anywhere in the 1 Mbyte- 
8 Mbyte area. This 64 Kbyte memory block is 
segmented into four 16 Kbyte pages. Through 
atranslation table, each 16Kbyte segment can 
be mapped any where in the 1 Mbyte to 8 
Mbyte area. Since the 82C212 uses the trans- 
lation table in the EMS mode, address lines 
A14 to A22 are translated by the appropriate 
EMS mapping register. Hence, this scheme 
does not require switching between user and 
protected mode. Figure 2.9 shows the EMS 
organization with a possible translation 
scheme. It is possible for the 82C212 to map 
this 64 Kbyte block to anywhere in the 0 to 8 
Mbyte area. However, it is desirable to map 
this block above the 1 Mbyte area in order to 
not use the RAM space in the 0 to 640 Kbyte 
area. Although the EMS scheme translates 
the 64 Kbyte block in the DOOOOH-DFFFFH 
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Figure 2.9 EMS Mapping 


area, it is possible to select a 64 Kbyte block 
from any other area. 


Refresh Logic 


During a refresh cycle, the 82C211 puts out 
the refresh address on the AO-AQ address 
lines and asserts the REF signal low to the 
82C212. The 82C212 uses these signals to 
generate the refresh address on the MAO- 
MAQ address lines, the RAS signals and 
LMEGCS. Figure 1.5 is a sequence diagram 
for a refresh cycle. As seen, the 82C212 per- 
forms as taggered mode refresh to reduce 
the power supply noise generated during RAS 
switching. Prior to a refresh, all RAS lines are 
pulled high to ensure RAS precharge. Fol- 
lowing this, RASO and RASS are asserted low. 











RAS1 and RAS2 are staggered by one delay 
unit using an external delay line, with respect 
to RASO and RASS. The RASO-RAS3, RAS1- 
RAS2 bundling is provided so that staggering 
is effective for a minimal 2 bank or a full 4 
bank configuration. 

















Memory Configurations 


It is possible to use 1Mbit or 256K bit (and in 
one case, 64K bit) DRAMs for system memory 
using the NEAT CHIPSet™. Each memory 
bank can be implemented with eighteen 1 bit 
wide DRAMs or four 4 bit wide DRAMs with 
two 1 bit wide DRAMs. Possible configura- 
tions for onboard memory are listed in Table 
2.1. Each bank is 16 bits wide plus two bits 
for parity. 


Table 2.1 





Total |EMS 
Memory | Range 


Oo isable |0 
jo 


0 


1Mb to 
2Mb 


0 


1Mb to 
1.384Mb 


1Mb to 
4Mb 


1Mb to 
1.5Mb 


1Mb to 
3Mb 


1Mb to 
6Mb 


1Mb to 
1.64Mb 


1Mb to 
2Mb 


1Mb to 
4.64Mb 


1Mb to 
5Mb 


1Mb to 
8Mb 


ND | at 


a} a 
N 
A 
oy 


g 
=) 
R 
Lox 


fo 
sae fo 
a oll ae 
fa 


ll 
da 


—_ 


1.5Mb 


8 


: 


—_ 


4.64Mb 


sol aan 
ot. 

256K 
al balk 


Page/interleaving is possible for only those 
combinations with similar pairs of DRAMs. In 


table 2.1, page/interleaving is possible with 
combinations 5, 6, 11, 13 and 14. 


Kine 1.64Mb 


2.4 Clock Generation Logic 


The 82C212 has an oscillator circuit which 
uses a 14.31818 MHz crystal to generate the 
OSC and OSC/12 clocks. The 1.19381 MHz 
OSC/12 clock is used internally to generate 
the RAS timeout clocks, one for each bank. 
RAS is deasserted for each bank when its RAS 
time out counter times out after about 10 
microseconds. 





2.5 Configuration Registers 


There are twelve configuration and diagnostics 
registers in the 82C212, RBO-RB11. These are 
accessed through IO ports 22H and 23H 
normally found in the interrupt controller 
module of the 82C206 IPC. An indexing 
scheme is used to reduce the number of I/O 
addresses required to access all of the regis- 
ters needed to configure and control the 
memory controller. Port 22H is used as an 
index register that points to the required data 
value accessed through port 23H. A write of 
the index value for the required data is per- 
formed to location 22H. This is then decoded 
and controls the multiplexers gating the ap- 
propriate register to the output bus. Every 
access to port 23H must be preceded by a 
write of the index value to port 22H even if the 
same data register is being accessed again. 
All bits marked as Reserved are set to zero by 
default and must be maintained that way 
during write operations. Table 2.2 lists these 
registers. 


Table 2.2 | 
Number | Name Index 
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2.5.1 Register Description 


Version Register RBO 
Index register port: 22H 
Data register port: 23H 
Index: 64H 


- [br]oe[os[oa]oa]o2[ou]0 


RESERVED 


82C212 VERSION 
(R) 


MEMORY 
CONTROLLER 
IDENITIFER 


Function 


NEAT memory controller identifier. 
0 = 82C212 


82C212 revision number. 00 = initial 
revision number 


Reserved 


ROM Configuration Register RB1 
Index register port: 22H 

Data register port: 23H 

Index: 65H 


[07] 6| D5] D4} 03 |o2} D1] Do) 


ROM ENABLE/ 
DISABLE IN 64K 
SEGMENTS FOR 
SHADOWING 


SHADOW RAM 
WRITE 
PROTECTION IN 
‘64K SEGMENTS 
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Bits 





Function 


ROM at FOOOOH-FFFFFH (BIOS). 
Default = 0 = ROM enabled. ROMCS 
is generated. 


ROM at EQOOOH-EFFFFH. Default = 
1 = ROM disabled, Shadow RAM 
enabled. ROMCS is not generated 
unless bit is set to 0. 


ROM at DOOOOH-DFFFFH. Default = 
1 = ROM disabled, Shadow RAM 
enabled. ROMCS is not generated 
unless bit is set to 0. 


ROM at COOOOH-CFFFFH (EGA). 
Default = 1 = ROM disabled, Shadow 
RAM enabled. ROMCS is not gener- 
ated unless bit is set to 0. 


Shadow RAM at FOOOOH-FFFFFH in 
Read/Write mode.0O = Read/Write 
(default), 1 = Read only (Write pro- 
tected). 


Shadow RAM at EQOOOH-EFFFFH 
in Read/Write mode. 0 = Read/Write 
(default), 1 = Read only (Write pro- 
tected). 


Shadow RAM at DOOOOQH-DFFFFH 
in Read/Write mode. 0 = Read/Write 
(default), 1 = Read only (Write pro- 
tected). 


Shadow RAM at COOQOOH-CFFFFH 
in Read/Write mode. 0 = Read/Write 
(default), 1 = Read only (Write pro- 
tected). 


Memory Enable-1 Register RB2 
Index register port: 22H 

Data register port: 23H 

Index: 66H 


p7 | 6] D5} 4] 03 [D2] 01] D9 | 


RESERVED 


128K 
RESOLUTION 
RAM ENABLE 
(R/W) 







Function 


Reserved 








Address map RAM on system board 
in 80000H-9FFFFH area. 0 = Address 
is on the 1/O channel (Default), 1 = 
Address is on the system board and 
is put out by the 82C212. 


Memory Enable Register-2 RB3 
Index register port: 22H 

Data register port: 23H (R/W) 
Index: 67H | 


0706 05] 4/03 [pa] D1] 00 | 


RAM ADDRESS 
A0000H-A3FFFH 


RAM ADDRESS 
A4000H-A7FFFH 


RAM ADDRESS 
A8000H-ABFFFH 


RAM ADDRESS 
ACOOOH-AFFFFH 


RAM ADDRESS 
BO000H-B3FFFH 


RAM ADDRESS 
B4000H-B7FFFH 


RAM ADDRESS 
B8000H-BBFFFH 


RAM ADDRESS 
BCO00H-BFFFFH 
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Bits Function 
0 Enable Shadow RAM in AOQOOOH- 
ASFFFH area. Disable = 0 Enable = 1. 
1 Enable Shadow RAM in A4000H- 
A7FFEFH rea. Disable = 0 Enable = 1. 
2 Enable Shadow RAM in A8s000H- 
ABFFFH area. Disable = 0 Enable = 1. 
3 Enable Shadow RAM in ACOOOH- 
AFFFFH area. Disable = 0 Enable = 1. 
4 Enable Shadow RAM in BOOOOH- 
BSFFFH area. Disable = 0 Enable = 1. 
5 Enable Shadow RAM in B4000H- 
B7FFFH area. Disable = 0 Enable = 1. 
6 Enable Shadow RAM in B8000H- 
BBFFFH area. Disable = 0 Enable = 1. 
7 Enable Shadow RAM in BCOOOH- 


BFFFFH area. Disable = 0 Enable = 1. 


Memory Enable-3 Register RB4 
Index register port: 22H 

Data register port: 23H (R/W) 
Index: 68H 


[07 }06] 05} o4]03[o2] 1 /D0 


RAM ADDRESS 
CO000H-C3FFFH 


RAM ADDRESS 
C4000H-C7FFFH 


RAM ADDRESS 
C8000H-CBFFFH 


RAM ADDRESS 
CCO00H-CFFFFH 


RAM ADDRESS 
DO000H-D3FFFH 


RAM ADDRESS 
D4000H-D7FFFH 


RAM ADDRESS 
D8000H-DBFFFH 


RAM ADDRESS 
DCO00H-DFFFFH 






Function 


Enable Shadow RAM in COOOOH- 
C3FFFH area. Disable = 0 Enable = 1. 


Enable Shadow RAM in C4000H- 
C7FFFH area. Disable = 0 Enable = 1. 











2 Enable Shadow RAM in C8000H- 
CBFFFH area. Disable = 0 Enable = 1. 
3 Enable Shadow RAM in CCOOOH- 
CFFFFH area. Disable = 0 Enable = 1. 
4 Enable Shadow RAM in DOOOOH- 
D3FFFH area. Disable = 0 Enable = 1. 
5 Enable Shadow RAM in D4000H- 
D7FFFH area. Disable = 0 Enable = 1. 
6 Enable Shadow RAM in D8000H- 
DBFFFH area. Disable = 0 Enable = 1. 
7 Enable Shadow RAM in DCOOOH- 


DFFFFH area. Disable = 0 Enable = 1. 


Memory Enable-4 Register (RB5) 
Index register port: 22H 
Data register port: 23H (R/W) 


Index: 69H 
[b7|D6|p5{p4{p3 |p2| D1 {po | 
RAM ADDRESS 
EO000H-E3FFFH 
RAM ADDRESS 
E4000H-E7FFFH 
RAM ADDRESS 
E8000H-EBFFFH 
RAM ADDRESS 
ECOOOH-EFFFFH 
RAM ADDRESS 
FOOO00H-F3FFFH 
RAM ADDRESS 
F4000H-F7FFFH 
RAM ADDRESS 
F8000H-FBFFFH 
RAM ADDRESS 
FCOOOH-FFFFFH 
Bits Function 
0 Enable Shadow RAM in EQOOOH- 
E3FFFH area. Disable = 0 Enable = 1. 
1 Enable Shadow RAM in E4000H- 
E7FFFH area. Disable = 0 Enable = 1. 
2 Enable Shadow RAM in E8000H- 
EBFFEFH area. Disable = 0 Enable = 1. 
3 Enable Shadow RAM in ECOOOH- 
EFFFFH area. Disable = 0 Enable = 1. 
4 Enable Shadow RAM in FOOQOOH- 


F3FFFH area. Disable = 0 Enable = 1. 








Enable Shadow RAM in F4000H- 
F7FFFH area. Disable = 0 Enable = 1. 


Enable Shadow RAM in F8000H- 
FBFFFH area. Disable = 0 Enable = 1. 


Enable Shadow RAM in FCOOOH- 
FFFFFH area. Disable = 0 Enable = 1. 







Bank0O/1 Enable Register RB6 
Index register port: 22H 

Data register port: 23H 

Index: 6AH 


[07] 06 |os{D4]p3 [p2|p1{ po 


RESERVED 
NUMBER OF 
BANKS 
| DRAM TYPE 
Bits Function 
0-4 Reserved 
5 Number of RAM banks used. 0 = 1 


bank, non-interleaved mode (De- 
fault), 1 = 2 banks 


7,6 These bits contain the information 
for the DRAM types used on the 
system board. POST/BIOS should 
use the DRAM configuration data 
stored in the CMOS RAM of the 
82C206 IPC. 


6 DRAM Types 


0 Disabled 
1 256K and 64K bit DRAMs 
used (for 640 Kbyte com- 
bination only) 
1 O 256K bit DRAMs used 
(Default) 
1 1 1M bit DRAMs used 


oO Oo 





Cnr 


DRAM Configuration Register RB7 
Index register port: 22H 

Data register port: 23H (R/W) 
Index: 6BH 


p7 ] D6} D5] 4} 3 {2} D1 [0 | 


bros WAIT STATES 


ems WAIT STATES 


EMS ENABLE 


RAM WAIT STATES 


MEMORY 
RELOCATION 
1M RAM 


PAGE/INTER- 
LEAVED MODE 


Bits Function 


1,0 ROM access wait states control. 


Wait States 


0 

0 |0 

1 |1 

0 |2 

1 | 3 (Default) 


a = CE © ak 


3, 2 EMS memory access wait states. 


Wait States 


0 

1 

2 (Default) 
Reserved 


4 EMS enable bit.If set to 0, EMS is 
disabled (Default). If set to 1, EMS 
is enabled. 


-=- 00] & 
-0O- Of] 


5 RAM access wait states. If set to 0, 
accesses have 0 wait states. If set to 
1 (Default), accesses will have 1 
wait state. 















640Kbyte to 1Mbyte RAM relocation 
bit. A zero does not relocate local 
RAM. A one (Default) relocates local 
RAM from Q80000H-O9FFFFH to 
100000H-11FFFFH, provided total 
local RAM is 1 Mbyte only. 





Page/Interleaved mode enable. AO 
disables the page/interleaved mode, 
allowing useage of normal mode 
for the DRAMs (Default). A 1 en- 
ables page/interleaved mode for the 
DRAMs. 


Bank 2/3 Enable Register RB8 
Index register port: 22H 

Data register port: 23H 

Index: 6CH 


[07 }6| D5} D403 |o2] 1] D0 


7,6 


RESERVED 
NUMBER OF 
BANKS (R/W) 
RAM TYPE (R/W) 
Function 
Reserved 


Number of local RAM Banks used. 
0 = 1 Bank used, non-interleaved 
mode only (Default). 1 = 2 Banks 
used. 


These bits indicate the local DRAM 
type as listed: 


7 6 DRAM Type 

O O | none (Default) 
0 61 Reserved 

1 O | 256 Kbit 

1 1 1 Mbit 
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EMS Base Address Register RB9 D4000H, D8000H 
Index register port: 22H 0 1 0 QJ] DOOOOH, D4000H, 
Data register port: 23H (R/W) D8000H, DCOOOH 
Index: 6DH 0 1 0 1] D4000H, D8000H, 

DCOO0OH, E0000H 
'p7 [D6 ]p5|p4|p3 [p2] 1 [po | O 1 1 0] D8000H, DCOOOH, 


EQO00H, E4000H 
0 1 1 1] DCOOOH, EOO00H, 
E4000H, E8000H 


EXPANDED 








MEMORY BASE 1 0 0 O} EOO00H, E4000H, 
ADDRESS E8000H, ECOOOH 
EMS Address Extention Register RB10 
Index register port: 22H 
EXPANDED Data register port: 23H 
REGISTER 
I/O BASE 
[07 | D6 }ps} 04] D3 | 2} D1] Do | 
Bits Function pie aa 
0-3 These bits are used for the EMS 
page register I/O base address. The EMS PAGE 2 
bits are encoded as follows, with 
unused combinations being reserved: 
3 2 1 0|1/O Base | es mae 
0 0 O O| 208H/209H 
0 0 O 1 | 218H/219H 
0 1 0 1] 258H/259H aaa 
0 1 1 O| 268H/269H 
1 0 1 O| 2A8H/2A9H : ; 
1 0 1 1|2B8H/2B9H Bits Function 
1.1 = 1 0} 2E8H/2E9H 1, 0 EMS Page 3 address extension bits. 
7-4 These bits are used for selecting 
the expanded memory base ad- 1 0 | Block of EMS Memory 
dresses. They are encoded as fol- 0 0 | 1 Mbyte to 2 Mbyte 
lows, with all unused combinations 0 1 | 2 Mbyte to 4 Mbyte 
being reserved: 1 0 | 4 Mbyte to 6 Mbyte 
1 1 6 Mbyte to 8 Mbyte 


EMS Base Addresses 


CO000H, C4000H, 
C8000H, CCO00H 
C4000H, C8000H, 
CCOO00H, DOOOOH 
C8000H, CCOOOH, 
DOO00H, D4000H 
CCOO00H, DOOOOH, 






3,2 EMS Page 2 address extension bits. 





Block of EMS Memory 


1 Mbyte to 2 Mbyte 
2 Mbyte to 4 Mbyte 
4 Mbyte to 6 Mbyte 
6 Mbyte to 8 Mbyte 


-=~ -—-O O |] @® 
-O+- OO], NY 
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5, 4 EMS Page 1 address extension bits. 


Block of EMS Memory 


1 Mbyte to 2 Mbyte 
2 Mbyte to 4 Mbyte 
4 Mbyte to 6 Mbyte 
6 Mbyte to 8 Mbyte 


7,6 EMS Page 0 address extension bits. 


-“~=-0O0] 01 
=-O-O];],f 


Block of EMS Memory 


1 Mbyte to 2 Mbyte 
2 Mbyte to 4 Mbyte 
4 Mbyte to 6 Mbyte 
6 Mbyte to 8 Mbyte 


-—--O0],.N 
=-"aoO-'O 7 ® 


Miscellaneous Register RB12 
Index register port: 22H 
Data register port: 23H 


Index: 6FH 

[07 [D6 |05}4|p3|p2] D1} D0 
RESERVED 
GA20 CONTROL 
(R/W) 


| RAS TIME-OUT 
ENABLE (R/W) 


RESERVED 


SIZE (R/W) 


EMS MEMORY 






Function 






Reserved 








This bit is used for Address line 
A20 control and provides OS/2 
optimization while switching bet- 
ween user and protected modes. 
The bit defaults to 0 and enables 
CPUA20 onto A20. If set to 1, it sets 
A20 = 0 





2 


3,4 





This bit is used to enable the RAS 
time-out counter for page mode 
operation. The counter is disabled 
if set to 0 (Default) and is enabled if 
set to 1. 


Reserved 


These bits are used to set the EMS 
memory space according to the fol- 
lowing coding: 


7 6 5|EMS Memory Size 


0 QO O|]1 Mbyte to 1.5 Mbytes 
(0.5 Mbytes) 

O O 111 Mbyte to 2 Mbytes 
(1 Mbyte) 

0 1 011 Mbyte to 3 Mbytes 
(2 Mbytes) 

O 1 111 Mbyte to 4 Mbytes 
(3 Mbytes) 

1 0 0OJ|1 Mbyte to 5 Mbytes 
(4 Mbytes) 

1 0 111 Mbyte to 6 Mbytes 
(5 Mbytes) 

1 1 0{1 Mbyte to 7 Mbytes 
(6 Mbytes) 

1 1 141 Mbyte to 8 Mbytes 
(7 Mbytes) 
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2.6 Absolute Maximum Ratings 





Parameter Symbol Min. Max. Units 
Supply Voltage Voc — 7.0 V 
Input Voltage V; -0.5 5.5 V 
Output Voltage Vo -0.5 5.5 V 
Operating Temperature Top -25° 85° C 
Storage Temperature Tstc¢ -40° 125° C 


NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 
operation should be restricted to the conditions described under Operating Conditions. 


2.7 820212 Operating Conditions 


Parameter Symbol Min. Max. Units 
Supply Voltage Vec 4.75 5.25 V 
Ambient Temperature Ta 0° 70° C 


2.8 82C212 DC Characteristics 


Parameter Symbol Min. Max. Units 


Input Low Voltage Vi = 0.8 V 

Input High Voltage Vin 2.0 — V 

Output Low Voltage VoL — 0.45 V 
lot = TBD 

Output High Voltage Vou 2.4 = V 
lon = TBD 

Input Low Current Ne _ +10 MA 

Input Clamp Voltage Vic TBD V 

Power Supply Current @ 16MHz loc = TBD mA 

Output High-Z Leakage Current loz1 +10 LA 
0.45<Voyt<Vec 
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2.9 82C212-16 AC Characteristics 
(Ta = 0°C to 70°C, Veco =5V + 5%) 








Sym Description Min. Typ. Max. Units 
t1 RAS; active delay from CLK2! 14 ns 
t2 RAS; inactive delay from CLK2! 16 ns 
t3 DLYIN active delay from RAS;! 3 ns 
t4 DLYIN inactive delay from RAS;t 3 ns 
tS Column address stable from DLYINt 15 ns 
t6 Column address hold from DLYIN! 15 ns 
t7 CAS, active delay from DLYINt 15 ns 
t8 CAS, hold from DLYIN! 15 ns 
t9 AF16 active delay from CLK2! 9 ns 
t10 AF16 inactive delay from CLK2! 11 ns 
t11 READY active delay from CLK21 20 ns 
t12 READY inactive delay from CLK2! 15 ns 
t13 DRD active delay from CLK2! ns 
t14 DRD hold from DLE! ns 
t15 DLE active delay from CAS;! ns 
t16 DLE inactive delay from CLK2} ns 
t17 LMEGCS active from CLK2! 15 ns 
t18 LMEGCS inactive from CLK2! 15 ns 
t19 GA20 valid delay from CPU <A20> valid 15 ns 
t20 GA20 invalid delay from CPU <A20> invalid 15 ns 
t21 DLE inactive delay from CLK2t ns 
t22 MWE active delay from CLK2! 17 ns 
{23 MWE inactive delay from CLK21 17 ns 
t24 RAS; active delay from CLK2! 17 ns 
t25 RAS, inactive delay from CLK2! ns 
t26 CAS, active delay from CLK2! 11 ns 
{27 CAS, inactive delay from CLK2) 13 ns 
{28 DRD inactive delay from CLK2! ns 
t29 DLE inactive delay from CLK2! ns 
t30 RAS, active delay from CLK2! 14 ns 
131 Row address set up time to RAS|! 10 ns 





2.9 82C212-16 AC Characteristics (Continued) 
(Ta = 0°C to 70°C, Voc = 5V+t 5%) 





Sym Description Min. Typ. Max. Units 
132. Row address hold time from CLK2).~C~*~*~C“C~s~SOSSSCSS 
t33 RAS; inactive delay from CLK2! 18 ns 
t34 RAS, precharge time 4 x CLK2 ns 
t35 ROMCS active from CLK2! 18 ns 
{36 ROMCS inactive from CLK2} ns 
137 DLE hold time from DRD ns 
t38 RASp~3 inactive from REF! ns 
t39 RAS 33 active from XMEMRI 20 ns 
t40 RASp3 inactive from XMEMRt 20 ns 
t41 RAS, 9 active from RASo 3} 10 + 1st delay line tap ns 
t42 RAS, 9 inactive from RASg 3! 10 + 1st delay line tap ns 
t43 Address setup time from XMEMR! 50 ns 
t44 Address hold time from REFt 0 ns 
t45 Refresh address delay 20 ns 
t46 ns 
t47 LMEGCS delay from REF! 10 ns 
148 LMEGCS delay from REFt ns 
t49 RAS,~3 inactive from HLDA11 15 ns 
t50 RAS; active from command active 15 ns 
t51 RAS; inactive from command inactive ns 
t52 ns 
t53 ns 
t54 Column address stable from DLYINt 10 + 1st delay line tap ns 
t55 CAS, active delay from DLYINt 10 + 2nd delay line tap ns 
(while XMEMW active) 
t56 CAS, active delay from DLYIN! 10 + 3rd delay line tap ns 
(while XMEMR active) 

(57 AF16 active from command active 15 ns 
158 AF16 inactive from command inactive ns 
t59 Address setup time from command 50 ns 
t60 ns 
t61 Address setup time from command (EMS) 70 ns 


a ET a a a Pn RE TTS I ES TTS TS SI TT SEB SD AE 
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2.10 82C212 Timing Diagrams 


Tc or Ti Ts Tc Ts or Ty 


a = Soe on 
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READY 


ae = 
MWE Seo Eaconeeaiel 
a 








t18 


LMEGCS 
t19 t20 


GA20 


Non-Interleave Mode—Read, 0WS 
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2.10 82C212 Timing Diagrams (Continued) 


Ts Tc c 


Ell 8 ~ Gallen! 


A23-0 
Mio =——— a 


t2 
RAS; es 
= co " 
DLYIN Ct 
t6 
MA9~0 A io = — 


8 


CAS) 

AFA16 
—| |<—t11 

READY 


t22 


|~_—__—_—_wriTe CYCLE READ overs +L 


Non-Interleave Mode—Write Followed by Read, OWS 
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2.10 82C212 Timing Diagrams (Continued) 


Tc or Ty Ts Tc Tc Ts or T; 
CLK2 
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ae ee rea 
M/IO 
t25 
RAS; F 
e t4 
DLYIN i - 
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MAS~0 Pn ee ee 
ee | 8 


t11 _ 112 








Non-Interleave Mode—1WS, Read, Write 
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2.10 82C212 Timing Diagrams (Continued) 
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Interleave Mode—Write Cycle with RAS Being Inactive, OWS 
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2.10 82C212 Timing Diagrams (Continued) 
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Interleave Mode—Read Cycle with RAS Being Inactive, OWS 
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2.10 82C212 Timing Diagrams (Continued) 
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interleave Mode—Write, OWS (RAS active) 
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2.10 82C212 Timing Diagrams (Continued) 
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interleave Mode—Read After Write, OWS (RAS active) 
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2.10 82C212 Timing Diagrams (Continued) 
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LMEGCS 


Interlevae Mode—Read, OWS (RAS active) 
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2.10 82C212 Timing Diagrams (Continued) 


Tc OR T; Ts Ts OR T) 


CLK2 
$i, S0 
oe SSS 
M/I 
AS; 


— =: 


MA9~0 E 


. | j= 
_ ae 

a NE erersoncass 
DAD LIdi Iii fy t21 
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t23 





Non-interleave Mode—OWS, Write 


2.10 82C212 Timing Diagrams (Continued) 


Ts Tc Tc Tc Tc 

CLK2 
Si, SO 

A23-0 

M/IO 

t33 

ee 

MA9~0 Raw Address Column Address 


AFA16 \ | 
READY \ 
RN ee ee 








Interleave Mode—Read Miss Cycle 
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2.10 82C212 Timing Diagrams (Continued) 


Ts or T| Tc Ts or T 
Si, 56 
A23-0 
M/10 
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ROMSC 1 ee “} 


AFA16 \ / 








(37 


ROM Read Cycle 
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2.10 82C212 Timing Diagrams (Continued) 





Ee t38 
t49 
XMEMR 
aac t39 t40 
RASo,3 
ae 
RAS}1,2 
<— t43 t44 
Ag~o E 
—| t45 t46 
MAg~o a 
— t47 t48 
LMEGCS 


Refresh Cycle 
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2.10 82C212 Timing Diagrams (Continued) 


HLDA1 \ 





XMEMR 
XMEMW 
t49 t50 — t51 
RAS; 
t52 t53 
DLYIN 
es 
MAg~0 ED SS 
t56 
CAS; 
t58 
AFA16 
<—— t59 t60 
A~o 
DMA Cycle 
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2.10 82C212 Timing Diagrams (Continued) 


Column Address 


AFAT6 Re a ey 
MWE a 


interleave Mode—Write Cycle, 1WS (RAS active) 
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2.10 82C212 Timing Diagrams (Continued) 


Tc or T; Ts Tc Tc Ts or T 
CLK2 
Si, $0 Ne OO*~*~<~*~S 
te _) 
M/IO 
RAS; ‘0’ 
MA9~0 Column Address 





interleave Mode—Read Cycle, 1WS (RAS active) 
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Ts Tc Tc 
CLK2 
$1, SO \ / 
A23-0 
M/1O 
t61 
RASj 


DLYIN [71 
MAg~o aay Se: aan 
CASj Ma 


EMS, Non-interleave Mode, Read 
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3 82C215 DATA/ADDRESS BUFFER 


3.1 Features 


m Bus Conversion logic for 16 bit to 8 bit 
transfers 


@ Parity generation/detection logic 


3.2 Functional Description 


Figure 3.1 is a block diagram of the 82C215 
Data/Address buffer. It consists of four 
modules: 


m Address buffers and latches 
m Data buffers and latches 
m Bus conversion logic 


m Parity generation/detection logic 


A1-A16 : 


IALE 


DO-15 


ACO-1 

AGEN CONTROL | | 
DRD 
DLE 










3.2.1 Address Buffers and Latches 


The 82C215 provides the address buffering 
between the CPU address lines A1-A16 and 
the XA1-XA16 lines. These buffers drive 4 mA 
output low currents (Io,). The CPU address 
lines are latched by IALE to generate the X- 
Address lines when HLDA is inactive. 


3.2.2 Data Buffers and Latches 


The 82C215 provides the buffering between 
the CPU data bus (DO-D15) and the memory 
data bus (MDO-MD15). The DO-D15 lines drive 
4 mA output low currents (lo,). The MDO- 
MD15 lines drive 8 mA Iop,. The enable signal 
for the latch between the Memory Data bus 





and the CPU Data bus is controlled by DRD, 
HLDA and the action codes. This allows 16 
bit reads from 8 bit peripherals controlled by 
the 82C211. 


<< XA1-16 


MD0-15 

PARITY MPO-1 
LOGIC ere 
PARERR 


Figure 3.1 82C215 Block Diagram 





82C215 


po Ey K_> 
MD15 SD15 


CPU-BUS 





AT-BUS 


Figure 3.2 Bus Conversion Data Paths 


3.3.3 Bus Conversion Logic 


The 82C215 provides data bus conversion 
when the 16 bit CPU reads from or writes to 8 
bit devices. It also provides bus conversion 
for Master/DMA cycles. There are six possible 
cases, as seen in Table 3.1 in conjunction 
with Figure 3.2. These conversions are con- 
trolled by the action codes which are qualified 
by ACEN from the 82C211. 


3.3.4 Parity Generation/Detection Logic 


For local RAM write cycles, the 82C215 gener- 
ates even parity for each of the two bytes of 
the data word. These valid even parity bits 
are written to the parity bits MPO, MP1 in the 
local DRAMs. During a local memory read 
cycle, the 82C215 checks for even parity for 
each MD byte read. If the parity is detected 
as being odd, the 82C215 flags a parity error 
on the PARERR output line to the 82C211. 
The 82C211 distinguishes between local ROM 
and RAM cycles before sampling PARERR. 





VLrnirs 

Table 3.1 

ACi ACO| Cycle = —'|_—s Operation == |_—Data Path 

0 0 CPU A-B-D-E-F-G and H-J-L-M-N-P 
0 0 CPU H-J-L-M-N-P 

0 1 CPU G-F-E-D-B-A and P-N-M-L-J-H 
0 1 CPU P-N-M-L-J-H 

1 0 CPU 8 bit HI write A-B-C-K-L-M-N-P 

1 1 CPU P-N-M-L-K-C-B-A 


3.4 Absolute Maximum Ratings 





Parameter Symbol Min. Max. Units 
Supply Voltage Voc _— 7.0 V 
Input Voltage Vi -0.5 5.5 V 
Output Voltage Vo -0.5 5.5 V 
Operating Temperature Top -25° 85° C 
Storage Temperature Tst¢ -40° 125° C 


NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 
operation should be restricted to the conditions described under Operating Conditions. 


3.5 82C215 Operating Conditions 





Parameter Symbol Min. Max. Units 
Supply Voltage Voc 4.75 5.25 V 
Ambient Temperature Ta 0° 70° 


SS a 


3.6 82C215 DC Characteristics 








Parameter Symbol Min. Max. Units 

Input Low Voltage Vit — 0.8 V 

Input High Voltage Vix 2.0 — V 

Output Low Voltage VoL — 0.45 V 
lo. = 

Output High Voltage Vou 2.4 _ V 
lon = 

Input Current Ne _ +10uA 

Output Short Circuit Current los mA 
Vo = OV 

Input Clamp Voltage Vic V 

Power Supply Current @ 16MHz loc — mA 

Output High-Z Leakage Current loz1 +10uA 
0.45<Voytr<Voec 


3.7 82C215-16 AC Characteristics 
(Ta = 0°C to 70°C, Veco = 5V + 5%) 








Sym Description Min. Typ. Max. Units 
t1 MD bus 3-stated after DRD active 7.3 249 ns 
t2 MD bus valid to D bus valid 6.3 15 ns 
t3a MD bus being driven after DRD inactive 7.7 28.4 ns 
t8b MPO, MP1 being driven after DRD inactive 6.3 23.6 ns 
t4 D bus invalid after DRD inactive 6.0 21.6 ns 
t5 D bus 3-stated after DRD inactive 6.4 22.8 ns 
t6 D bus valid to MD bus valid 4.4 15.3 ns 
t7 D bus valid to MP1, MPO valid 6.7 31.4 ns 
t8 ACEN active to D bus valid 8.2 29.3. ns 
t9 AC code valid to MD bus valid 6.9 23.5 ns 
t10 AC code invalid to MD bus invalid 3.9 13.6 ns 
t11 DLE inactive to PARERR enabled 10.8 38.2 ns 
t12 DRD inactive to PARERR disabled 13.1 47.7 ns 
t13 IALE active to XA bus valid 6.0 21.3 ns 
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3.7 82C215-16 AC Characteristics (Continued) 
(Ta = 0°C to 70°C, Voc = 5V + 5%) 








Sym Description Min. Typ. Max. Units 

t14 XA bus valid to A bus valid 4.6 161 ns | 

t15 MD, MP setup time to DLE trailing edge 0.0 ns 

t16 MD, MP hold time from DLE trailing edge 6.0 ns 

t17 DRD setup time to DLE trailing edge 6.0 ns 

t18 DRD hold time from DLE trailing edge 8.0 ns 

t19 MD bus hold time from ACEN trailing edge 7.0 ns 

t20 MD bus valid to MP valid during DMA write 8.8 31.1. ns 
during DMA high memory read cycle 

t21 MD high byte valid to MD low byte valid 4.4 15.3 ns 
during DMA high memory read cycle 

t22 AC code valid to MD high byte valid during 6.4 22.6 ns 
DMA high memory write cycle 

t23 AC code valid to MP valid during DMA high 10.6 37.3 ns 


memory write cycle 


3.8 82C215 Timing Diagrams 


t1 


DRD* t3a (or t3b) 
MD ee 
(or MP) 
ee eens ane as ee 
t2 t4 





a a cD oe 
-—— 


ACEN* 


DLE 


DRD* 


PARERR* 


IALE 








77 





HLDA / 
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HLDA / 
AC code v= oan = == {a >------------ 
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Load Circuit Measurement Conditions 


Parameter Output Type Symbol C.(pF) R, (2) R_ (Q) SW, SW. 





Propagation Totempole 


Del 3-stat teLH 

a Sareea re °° 7 nae esas 
Sleep tne Sener Nina > 0.5K 1.0K See ON 
pe Bidirectiohal a oe oar 1.0K ut ee 


INPUT 


{PHL 


OUTPUT 
(DELAY) 


OUTPUT 
(ENABLE/DISABLE) 





Vin = 3V, Vit = OV, ty S 10 ns, tr = 5 ns 


Vcc 


sw 


Ri 


Ri 


SW2 


Figure 10. Load Circuit and AC Characteristics Measurement Waveform 








100-PIN PLASTIC FLAT PACKAGE 


_ 29(.787) TYP. __ 





EI A et Te a 2.9(.114) 
NSU EEUDOUUURODUROGORERODOQORODOROROROQUIORNROUQOUO0S00R0007/¢m\Yum 2.3(.891) 
| .8(.031 
21.8(.859) = | yi 17¢ 967} 
22.8(.898) 
23.6(.925) 
26.7(1.012) 






15.8 (.622) = 


16.8 (.661) 17 (.670) 


20 (.787) 





THU 
HO QUUUUUL 
= oa (.0256) TYP. —>| [a2 (012 PIN #30 


ALL DIMENSIONS IN MILLIMETERS (INCHES). 


PIN #1 
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84-PIN PLASTIC LEADED CHIP CARRIER 


UNIT (mm) 


0.71 + 0.07 





29.2 + 0.2 


30.23 + 0.2 





Ordering Information 


Order Number Package Type 
P82C211/212/215/206 PLCC-84 pins 
F82C211/212/215/206 PFP-100 pins 
Note: 


1. PLCC = Plastic Leaded Chip Carrier 
PFP = Plastic Flat Pack 





81 


CANADA 
DISTRIBUTORS 


Electro Source Inc. 

39 Robertson Rd., Ste. 233 
The Bell Mews Mall 
Nepean, Ontario 

Canada K2H 8R2 

Phone: 613-726-1452 

Fax: 613-726-8834 


Electro Source Inc. 
215 Carlingview Drive 
Suite 303 

Rexdale, Ontario 
Canada M9W 5X8 
Phone: 416-675-4490 
Telex: 6-989271 


Electro Source Inc. 
6600 TransCanada Hwy. 
Suite 510 

Pointe Claire, Quebec 
Canada H9R 4S2 
Phone: 514-694-0404 
Fax: 514-694-8501 


U.S. DISTRIBUTORS 


ALABAMA 


Quality Components 
4900 University Square 
Suite 20 

Huntsville, AL 35816 
Phone: 205-830-1881 


Hall-Mark 

4900 Bradford Drive 
Huntsville, AL 35816 
Phone: 205-837-8700 


ARIZONA 


Anthem 

1727 East Webber Drive 
Tempe, AZ 85281 
Phone: 602-966-6600 


Hall-Mark 

4040 E. Raymond 
Phoenix, AZ 85040 
Phone: 602-437-1200 


CALIFORNIA 


Anthem 

20640 Bahama Street 
Chatsworth, CA 91311 
Phone: 818-700-1000 


Anthem 

One Oldfield Drive 
Irvine, CA 92718-2809 
Phone: 714-768-4444 


Anthem 

4700 Northgate Boulevard 
Sacramento, CA 95834 
Phone: 916-922-6800 


Anthem 

9369 Carroll Park Drive 
San Diego, CA 92121 
Phone: 619-453-9005 


Anthem 

10400 East Brokaw 
San Jose, CA 95131 
Phone: 408-295-4200 


Hall-Mark 

8130 Remmet Avenue 
Canoga Park, CA 91304 
Phone: 818-716-7300 


Hall-Mark | 
6341 Auburn Blvd., Suite D 
Citrus Heights, CA 95610 
Phone: 916-722-8600 


Hall-Mark 

3878 Ruffin Rd., Suite B 
San Diego, CA 92123 
Phone: 619-268-1201 


Hall-Mark 

1110 Ringwood Ct. 
San Jose, CA 95131 
Phone: 408-946-0900 


Hall-Mark 

19220 S. Normandie Avenue 
Torrance, CA 90502 

Phone: 213-217-8400 


Hall-Mark 

14831 Franklin Avenue 
Tustin, CA 92680 
Phone: 714-669-4700 


COLORADO 


Anthem 

8200 South Akron Street 
Englewood, CO 80112 
Phone: 303-790-4500 


Hall-Mark 

6950 S. Tucson Way 
Englewood, CO 80112 
Phone: 303-790-1662 





CONNECTICUT 


Lionex 

170 Research Parkway 
Meriden, CT 06450 
Phone: 203-237-2282 


Hall-Mark 

33 Village Lane 
Wallingford, CT 06492 
Phone: 203-269-0100 


FLORIDA 


Hall-Mark 

15302 Roosevelt Blvd. 
Suite 303 

Clearwater, FL 33520 
Phone: 813-530-4543 


Hall-Mark 

7648 Southland Blvd. 
Suite 100 

Orlando, FL 32809 
Phone: 305-855-4020 


Hall-Mark 

3161 S.W. 15th Street 
Pompano Beach, FL 
33069-4806 

Phone: 305-971-9280 


Quality Components 
Florida 
Phone: 800-241-0037 


GEORGIA 


Hall-Mark 

6410 Atlantic Blvd. 
Suite 115 

Norcross, GA 30071 
Phone: 404-447-8000 


Quality Components 
6350-F McDonough Drive 
Norcross, GA 30093 
Phone: 404-449-9508 


ILLINOIS 


Hall-Mark/N.C. Regional 
Systems Warehouse 

210 Mittel Drive 
WoodDale, IL 60191 
Phone: 312-680-3800 


INDIANA 


Hall-Mark 

4275 W. 96th Street 
Indianapolis, IN 46268 
Phone: 317-872-8875 
800-423-6638 (INDIANA) 
800-772-0112 (KENTUCKY) 





LrirS 


KANSAS 


Hall-Mark/Kansas City 
10809 Lakeview Drive 
Lenexa, KS 66215 
Phone: 913-888-4747 


MASSACHUSETTS 


Hall-Mark 

6 Cook Street 
Bilerica, MA 01821 
Boston 617-935-9777 
Phone: 617-667-0902 


Lionex 

36 Jonspin Road 
Wilmington, MA 01887 
Phone: 617-657-5170 


MARYLAND 


Hall-Mark/Baltimore 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone: 301-988-9800 


Lionex 

9020A Mendenhall Court 
Columbia, MD 21045 
Phone: 301-964-0040 


MINNESOTA 


Hall-Mark 

10300 Valley View 

Eden Prairie, MN 55344 
Phone: 612-941-2600 


MISSOURI 


Hall-Mark/St. Louis 
13750 Shoreline Drive 
Earth City, MO 63045 
Phone: 314-291-5350 


NORTH CAROLINA 


Hall-Mark 

5237 N. Blvd. 
Raleigh, NC 27604 
Phone: 919-872-0712 


Quality Components 
2940-15 Trawick Road 
Raleigh, NC 27604 
Phone: 919-876-7767 


NEW JERSEY 


Lionex 

311 Route 46 West 
Fairfield, NJ 07006 
Phone: 201-227-7960 


Lionex 

311 Route 46 West 
Fairfield, NJ 07006 
Phone: 201-227-7960 


Hall-Mark 

107 Fairfield Road Ste. 1B 
Fairfield, NJ 07006 
Phone: 201-575-4415 


Hall-Mark 

1000 Midlantic Drive 
Mt. Laurel, NJ 08054 
Phone: 609-235-1900 


Hall-Mark 

10 Old Bloomfield Ave. 
Pinebrook, NJ 07058 
Phone: 201-882-9773 


NEW YORK 


Hall-Mark 

101 Comac Loop 
Ronkonkoma, NY 11779 
Phone: 516-737-0600 


Lionex 

400 Oser Avenue 
Hauppauge, NY 11787 
Phone: 516-273-1660 


OHIO 


Hall-Mark 

5821 Harper Road 
Solon, OH 44139 
Phone: 216-349-4632 


Hall-Mark 

400 E. Wilson Bridge Road 
Suite 5 

Worthington, OH 43085 
Phone: 614-888-3313 


OKLAHOMA 


Quality Components 
9934 E. 21st Street South 
Tulsa, OK 74129 

Phone: 918-664-8812 


OREGON 


Anthem 

15812 S.W. Uppert Boones 
Ferry Road 

Lake Oswego, OR 97034 
Phone: 503-684-2661 


PENNSYLVANIA 


Lionex 

101 Rock Road 
Horsham, PA 19044 
Phone: 215-443-5150 





TEXAS 


Hall-Mark 

12211 Technology Blvd. 
Austin, TX 78727 
Phone: 512-258-8848 


Hall-Mark 

11420 Page Mill Road 
Dallas, TX 75243 
Phone: 214-553-4300 


Hall-Mark 

8000 Westglen 
Houston, TX 77063 
Phone: 713-781-6100 


Quality Components 
4257 Kellway Circle 
Addison, TX 75001 

Phone: 214-733-4300 


Quality Components 
2120-M Braker Lane 
Austin, TX 78758 

Phone: 512-835-0220 


Quality Components 
1005 Industrial Boulevard 
Sugar Land, TX 77478 
Phone: 713-240-2255 


UTAH 


~ Anthem 


1615 West 2200 South 
Salt Lake City, UT 84119 
Phone: 801-973-8555 


Hall-Mark 

2265 S. 1300 West 
West Valley, UT 84119 
Phone: 801-972-1008 


WASHINGTON 


Anthem 

5020 148th Avenue N.E. 
Redmond, WA 98052 
Phone: 206-881-0850 


WISCONSIN 


Hali-Mark 

16255 W. Lincoln Avenue 
New Berlin, WI 53151 
Phone: 414-797-7844 





FAR EAST 
DISTRIBUTORS 


American MITAC 
Corporation 

3385 Viso Court 

Santa Clara, CA 95054 
U.S.A. 

Phone: 408-988-0258 
Telex: 9103382201 MECTEL 
Fax: 408-980-9742 


AUSTRALIA 


R&D Electronics 

4 Florence Street 
Burwood, Victoria 
Australia 3125 
Phone: 61-3-288 8911 
Fax: 61-3-2889168 


HONG KONG 


Wong’s Kong King Ltd. 
8/F Sime Darby Ind. Bldg. 
420 Kwun Tong Road 
Kwun Tong, Hong Kong 
Phone: 852 3-450121 
Telex: 36810 WKKL HX 
Fax: 852 3-7551128 


ISRAEL 


Hitek Ltd. 

45, Basel St. 
TEL-AVIV, ISRAEL 
Phone: 972 03/457917 
Telex: 922361701HTK1 


JAPAN 


ASCII Corporation 
SAT-| Bldg., 3F 

2-20-4, Minami Aoyama 
Minato-ku 

Tokyo 107 Japan 
Phone: 03-470-0486 
Telex: J28764ASCII 
Fax: 03-470-0522 


KOREA 


Kortronics Enterprises 

Rm. 307 9-Dong B-Block 
#604-1 Guro-Dong, Guro-Gu 
Seoul, Korea 

Phone: 82 2 635-1043 

Fax: 82 2 675-0514 


SINGAPORE 


Computer Engineering 
Systems PTE, Ltd. 

73 Ayer Rajah Crescent 
#02-14/21 

Ayer Rajah Industrial Estate 
Singapore 0513 

Phone: 7797377 

Telex: RS25223 CESPL 

Fax: 657787142 


TAIWAN, R.O.C. 


Micro Electronic Inc. 
(Head Office) 

8th FI., 585 Ming Sheng 
E. Rd. 

Taipei, Taiwan 

R.O.C. 

Phone: 886(02)5018231 
Telex: 11942 TAIAUTO 
Fax: 886-2-5014265 


EUROPEAN 
DISTRIBUTORS 


BELGIUM 


Auriema Belgium S.A./N.V. 
Rue Brogniezstraat 172-A 
B-1070 Bruxelles 

Brussels 

Phone: (02) 523-62-95 
Telex: 21646 


FINLAND 


OY Fintronic AB 
Melkonkatu 24A 

SF-00210 

Helsinki, Finland 

Phone: 358 06926022 

Telex: 857124224 FTRON SF 
Fax: 358 0 674886 


FRANCE 


A2M 

6. Av. du General de Gaulle 
78150 Le Chesnay 

France 

Phone: 33 39.54.91.13 

Telex: 842698376 F 

Fax: 331 39.54.30.61 





GERMANY 


Rein Elektronik GmbH 
Loetscher Weg 66 
Postfach 5160 

D-4054 Nettetal 1 

West Germany 

Phone: 49 (02153) 733-0 
Telex: 841854203B REIN D 
(or 854251B REIN D) 

Fax: 49 02153-733110 


ITALY 


Eledra S.p.A. 

Via G. Watt 37 

20143 Milano 

Viale Elvezia 18 

Italy 

Phone: 39 (02) 81.82.1 
Telex: 843332332 
Fax: 39 (02) 81.82.211 


NETHERLANDS 


Auriema Nederland B.V. 
Doornakkersweg 26 
5642 MP Eindhoven 
Netherlands 

Phone: 31 (0) 40-816565 
Telex: 84451992 

Fax: 31 (0) 40-811815 


SPAIN 


Compania Electronica de 
Tecnicas Aplicadas, S.A. 
(Comelta) (Main Branch) 
Emilio Munoz, num. 41. 
nave 1-1-2 | 
28037 Madrid, Spain 
Phone: 34 754 30 01 
Telex: 83142007 CETA E 


Compania Electronica de 
Tecnicas Aplicadas, S.A. 
(Comelta) 

Pedro IV, num. 84-5 

planta 

08005 Barcelona, Spain 
Phone: 300 77 12 (8 lineas) 
Telex: 83151934 CETA E 


SWEDEN (Nordic Countries) 


Nordisk Elektronik A.B. 
(Main Branch) 

Box 1409 

S-171 27 Solna 

Sweden 

Phone: 46 08-734 97 70 

Fax: 46 08-27 22 04 

Telex: 85410547 NORTRON S 


Nordisk Elektronik A/S 
PO. Box 123 
Smedsvingen 4 

1364 Hvalstad 

Norway 

Phone: 47 02 84 62 10 
Fax: 47 02 84 65 45 
Telex: 85677546 NENASN 


Nordisk Elektronik A/S 
Transformervej 17 

DK-2730 Herlev 

Denmark 

Telex: 85535200 NORDEL DK 


SWITZERLAND 


DataComp 
Silbernstrasse 10 
CH-9853 Dietikon 
Switzerland 

Phone: 41 01 740 51 40 
Telex: 827750 DACO 
Fax: 41 1-7413423 


UNITED KINGDOM 


Katakana Limited 
Manhattan House 
Bridge Road 
Maidenhead, Berkshire 
SL6°8DB 

United Kingdom 
Phone: Maidenhead 44 
(0628) 75641 

Telex: 846775 KATKAN 
Fax: 44 (0628) 782812 


CANADA SALES 
REPRESENTATIVES 


Electro Source Inc. 

38 Robertson Rd., Ste. 233 
The Bell Mews Mall 
Nepean, Ontario 

Canada K2H 8R2 

Phone: 613-726-1452 

Fax: 613-726-8834 


Electro Source Inc. 

215 Carlingview Drive 
Suite 303 

Rexdale, Ontario, Canada 
M9OW 5X8 

Phone: 416-675-4490 


Electro Source Inc. 
6600 TransCanada Hwy. 
Suite 510 

Pointe Claire, Quebec 
Canada H9R 4S2 
Phone: 514-694-0404 
Fax: 514-694-8501 





REGIONAL SALES 
OFFICES 


NORTHEAST REGION: 
SALES OFFICE 


Chips & Technologies, Inc. 
One Wall Street 

Burlington Office Park 
Burlington, MA 01803 
Phone: 617-273-3500 

Fax: 617-273-5394 


MID-AMERICA REGION: 
SALES OFFICE 


Chips & Technologies, Inc. 
15415 Katy Freeway 

Suite 209 

Houston, TX 77094 

Phone: 713-579-9633 

Fax: 713-579-9557 


WESTERN REGION: 
SALES OFFICE 


Chips & Technologies, Inc. 

2055 Gateway Place 

#220 

San Jose, CA 95110 

Phone: 408-437-8877 
408-437-0959 


Chips & Technologies, Inc. 
18201 Von Karman Ave. 
Suite 310 

Irvine, CA 92715 

Phone: 714-852-8721 

Fax: 714-852-8912 


Unir> 
U.S. SALES 
REPRESENTATIVES 


ALABAMA 


The Novus Group, Inc. 
2905 Westcorp Blvd. 
Suite 120 

Huntsville, AL 35805 
Phone: 205-534-0044 


ARIZONA 


Reptronix 

1729 E. McLellan Road 
Mesa, AZ 85203 
Phone: 602-964-2362 


Reptronix 

450 W. Cool Dr. #325 
Tucson, AZ 85704 
Phone: 602-297-7569 


CALIFORNIA 


Magna Sales 

3333 Bowers Avenue 
Suite 251 

Santa Clara, CA 95054 
Phone: 408-727-8753 


S.C. Cubed 

468 Pensfield Place 

Suite 101A 

Thousand Oaks, CA 91360 
Phone: 805-496-7307 


S.C. Cubed 

17862 17th St. East Building 
Suite 207 

Tustin, CA 92680 

Phone: 714-731-9206 


COLORADO 


Wescom Marketing, Inc. 
4851 Independence Street 
Suite 159 

Wheat Ridge, CO 80033 
Phone: 303-422-8957 


FLORIDA 


Dyne-A-Mark Corporation 
573 South Duncan Avenue 
Clearwater, FL 33516 
Phone: 813-441-4702 
Tampa: 813-223-7969 


Dyne-A-Mark Corporation 
1001 Northwest 62nd Street 
Suite 108 

Ft. Lauderdale, FL 33309 
Phone: 305-771-6501 


GEORGIA 


The Novus Group, Inc. 
4556 Canda Drive 
Lilburn, GA 30247 
Phone: 404-381-1015 


ILLINOIS 


Micro-Tex, Inc. 

2400 West Central Road 
Hoffman Estates, IL 60196 
Phone: 312-382-3001 


INDIANA 


Giesting & Associates 
101 East Carmel Drive 
Suite 210 

Carmel, IN 46032 
Phone: 317-844-5222 


Giesting & Associates 
4407 DeRome Drive 
Fort Wayne, IN 46815 
Phone: 219-486-1912 


MARYLAND 


Micro-Comp, Inc. 

1421 South Caton Ave. 
Baltimore, MD 21227-1082 
Phone: 301-644-5700 


MASSACHUSETTS 


Mill-Bern Associates, Inc. 
2 Mack Road 

Woburn, MA 01801 
Phone: 617-932-3311 


MICHIGAN 


Giesting & Associates 
5654 Wendzell Drive 
Coloma, MI 49038 
Phone: 616-468-4200 


Giesting & Associates 
21999 Farmington Road 
Suite 400 


Farmington Hills, Ml 48024 


Phone: 313-478-8106 
MINNESOTA 


High Technology Sales 
Assoc. 

11415 Valley View Road 
Eden Prairie, MN 55344 
Phone: 612-944-7274 





NEW JERSEY 


T.A.I. 

12 South Blackhorse Pike 

Bellmawr, New Jersey 08031 

Phone: NJ: 609-933-2600 
PA: 215-627-6615 


NEW MEXICO 


Reptronix 

237-C Eubank Blvd. NE 
Albuquerque, NM 87123 
Phone: 505-292-1718 


NEW YORK 


ERA, Incorporated 

351 Veterans Memorial Hwy. 
Commack, NY 11725 
Phone: 516-543-0510 


L-Mar Associates 

349 W. Commercial St. 
Suite 2285 

E. Rochester, NY 14445 
Phone: 716-381-9100 


NORTH CAROLINA 


The Novus Group, Inc. 
5337 Trestlewood Lane 
Raleigh, NC 27610 
Phone: 919-833-7771 





CAirsS 


OHIO 


Giesting & Associates 
2854 Blue Rock Road 
PO. Box 39398 
Cincinnati, OH 45239 
Phone: 513-385-1105 


Giesting & Associates 
26250 Euclid Avenue 
Suite 525 

Cleveland, OH 44132 
Phone: 216-261-9705 


Giesting & Associates 
8843 Washington Colony 
Drive 

Dayton, OH 45459 
Phone: 513-433-5832 


OREGON 
L-Squared Limited 


15234 NW Greenbrier Pkwy. 


Beaverton, OR 97006 
Phone: 503-629-8555 


PENNSYLVANIA 


Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
Phone: 412-963-5832 


TEXAS 


OM Sales 

13915 Burnet Road 
Suite 301 

Austin, TX 78728 
Phone: 512-388-1151 


OM Sales 

10500 Richmond Ave. 
Suite 115 

Houston, TX 77042 
Phone: 713-789-4426 


OM Sales 

2323 N. Central Expwy. 
Suite 150 

Richardson, TX 76080 
Phone: 214-690-6746 





UTAH 


Wescom Marketing, Inc. 
3499 S. Main 

Salt Lake City, UT 84115 
Phone: 801-269-0419 


WASHINGTON 


L-Squared Limited 
105 Central Way 
Suite 203 

Kirkland, WA 98033 
Phone: 206-827-8555 


WISCONSIN 


Micro-Tex, Inc. 
22660 Broadway 
Suite 3B 

Waukesha, WI 53186 
Phone: 414-542-5352 





Chips and Technologies, Incorporated 
3050 Zanker Road, San Jose, CA 95134 408-434-0600 Telex 272929 CHIP UR 


IBM, AT, XT, PS/2, Enhanced Graphics Adapter, Color Graphics Adapter, Monochrome Adapter, 
IBM Color Display, IBM Monochrome Display are trademarks of International Business Machines. 


Intel, iAPX 386 are trademarks of Intel Corporation. 
MOTOROLA is a trademark of Motorola. 
Hercules Graphics is a trademark of Hercules Computer Technology. 


Lotus is a trademark of Lotus Corporation. 
Microsoft is a trademark of Microsoft. 


CHIPSet, CHIPSpak, CHIPSport, SharpScan EGA are trademarks of Chips and Technologies, Inc. 
Copyright© 1985, 1986, 1987 Chips and Technologies, Inc. 


Chips and Technologies, Inc. makes no warranty for the use of its products and bears no 
responsibility for any errors which may appear in this document. 


Chips and Techonologies, Inc. retains the right to make changes to these specifications at any 
time without notice. 





